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It's really a privilege to be here. I sgo e, the»gathermg lasiZ ar 1n 0 eon A_‘{

A%g&a c«gq_o% talke ab aboyt }}ge ut ko1 communlcatlng bh
numerically e cr1t1ca11ty of the s<:1ent1f’10 commumm fu(ﬂa'ng into
itself would recognize that the American public is picking up the bill for all
the science that we do, and sometimes in the joy and passing what we
forget that the ultimate consumer of science and technology that we're

working on for the American public.

And a hell of a story about the American public. And this story takes
place in November of last. year. My wife and I had just moved into a
house up on Capitol Hill and I was trying to get the phones hooked up. 1
got the phone line hooked up but I couldn't get the fax line hooked up and
I was feeling kind of naked at the time without my fax at home. So we
arranged for a technician from Bell Atlantic to show up at our house at 9
o'clock on Thursday morning, which was I think, the week before Thanks-
giving. And it was clear why I would be there 9 o'clock, was I was non-
essential and the Government had shut down. So my wife went off to
work and made sure I took care of all the chores in the house.

It was also an interesting day because at 11:10 that day I was going to
communicate with the International Crew on Board the MIR, from my
house. And I had refused to go into NASA Headquarters because we were
on furlough and I felt it inappropriate that the Administrator bring in the
crew in the TV studio so I could talk to them, so I just asked Mission
Control, can I make this call from my house? And they said, sure.

So 9 o'clock passes, 9:30, 10 o'clock, 10:30. A few minutes to 11 the
doorbell rings and there's this big, tall guy at the door and he can hardly
speak English and he says, hi, I'm from Bell Atlantic. I'm here to put in
your fax line. I said I know, but I've got something important to do. So he
says, "I can handle it real quick, don't worry." So I opened the door, he
goes dashing into the room, he says, where's the plug for the fax line? And
in our kitchen we have two plugs, one for the phone line which was alive,
and one for the fax line which was dead. So he immediately injects his tool
into the fax line and Mission Control's calling me and they hear, whoo,
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whoo, whoo. So I said, could you pull it out, please? He says, "not to
worry. You've got a few minutes before the phone call." [ said this is a
very important call.

So finally he pulls it out. It's now five or six minutes after 11 and Laurie
Boeder who is the head of Public Affairs, came to my house so she could be
there just to see what was going on. And by this point in time the tears
are just falling down her cheeks, it's so funny. And I didn't want to tell
him because I felt he wouldn't believe it. So, he says, I'll tell you what. If
you don't want me to work in the house I'll go to the switchboard outside,
and I said, please don't. So it's now 9 minutes after 11, we're all getting
kind of nervous, so I said, here look, why don't you sit on this couch next
to Laurie? And I turned on the TV and there are the astronauts floating
around, and all the different flags, and he still doesn't get it.

So I said, I'm going to talk to space. He rolls his eyes. (laughter) And then
he hears my voice coming through the TV. The guy about died. (laughter)
And it was really an historic event because we sent the shuttle up to a
Russian space station, we had a Russian on board, a German on board, we
had a Canadian on board, and the Americans. I mean, this was almost a
representation of all the people aboard the space station. The only people
that weren't represented were Japan. [ mean, it was really an historic
mission.

And I was still all wrapped up in the mission. I didn't appreciate this
until, you know, I thought about it afterwards. And then he listened to it
and I mean, this man was glued to the TV. And when it ended I said, what
did you think of it? And he said, you know what? Space is about my
children's future. Those were the only words that he could get out of his
mouth. And here's someone who's relatively uneducated, new to this
country, but he understood the criticality of space in the future of his
children. The connection was right there. And sometimes when you're
inside the beltway and you listen to the cynicism that comes out, you don't
appreciate that America wants to open the space frontier. People on this
planet want to open the space frontier, and they're sick and tired of
bureaucracy getting in the way.

And after that experience, all of a sudden there was an unbelievable sizzle
that took place. Galileo got to Jupiter. [ mean, if you think about the
probability of that happening- the Perils of Pauline- and then the miracle
of the incredible brains of the people that designed that mission, it's
breathtaking. You know, the margin for error, assuming everything
worked, was so unbelievably low, that you ask yourself, how did it
happen? And then shortly thereafter, I turned on the TV and there's an
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excited newscaster showing a picture of deep field galaxy. And as excited
as could be, as excited as anything happening in, you know, Bosnia, in Haiti,
over the budget.

And then I had the opportunity to talk before the American Astronomical
Society a few weeks ago in San Antonio. And I was going to talk about
origins, and even though we're talking about humans in space I'm going to
talk about the origins program today and put it in context. And before I
give a talk I like to, if I have an opportunity, talk to some scientists
involved, so I had dinner with a number of scientists. Geoff Marcy was
there and Alan Dressler -- a whole bunch of people. And I was all excited
about talking about subjects, and halfway through the conversation Geoff
Marcy says to me, "Do you know what I'm going to talk about tomorrow?"
And I said, no. And he whipped out this data showing he had found two
planets circling stars within 35 light years of Earth.

I mean. I couldn't believe what I was looking at. And these planets were
in the quasi-life zone. And I'll talk about it that; I want to define that a
little later. So, if you think about it, if we can pick a time in history, all of
history, you say, when do I want to be alive and when do I want to be
there? It's in 1996 and '97. I don't know if you realize what's about to
happen. We are finally getting a chance to open the space frontier. Now,
there's some things we've got to fix, but you know, you talk to some of
these people, they say hey, wait till you see what I'm going to show you
next.

This is unbelievable. It's the type of thing that they want to put on
Nightline. So instead of worring about the budget, why we can't work as
Democrats and Republicans, as Americans together, here is something
that's definitely superior to this whole thing. But we're not stopping. We
have resources up there, we have resources on the ground. Next week
we're launching the NEAR spacecraft. We started on it three years ago.
We didn't debate it. We just started the program and we're building it,
we're launching it on the 15 February, and it's going out to an asteroid, and
it's going to orbit 20 miles above that asteroid and we're going to learn
almost everything we wanted to learn. [ know Gene Shoemaker still needs
some more data, and I'm sure we'll find some more missions for Gene.

And then this summer we're going to launch the Mars Global Surveyor and
the Mars Pathfinder. Three years. Half the price of one Mars Observer,
which disappeared. Every time I go back to California they say, have you
found Mars Observer yet?  We'll launch Lunar Prospector in '98. We want
to see if there's water at the South Pole. That might be the most valuable
water anywhere in the solar system. Cassini is being launched earlier than
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we initially projected. Close to a billion dollars less money. That's why we
launched in October '97. No launch start (inaudible) Cassini is going to go
to Saturn (inaudible).

We just started a program, I think a month ago. It's called Stardust. We're
going to go out and collect dust from comets and then separately collect
intergalactic dust. And then the samples are coming back to earth. We're
going to launch that spacecraft in three years. We just started it. What if
we find some building-block of life in those samples. What else might we
find?

And then in the summer of '98 we're going to launch Deep Space One. I
made up the name. (laughter) I didn't know what else to call it. Kind of
feels 'good. We are going to, for the first time after 30 years of
development, utilize electric propulsion. Absolutely crucial for the
exploration of space. Real advanced sensors are going to rendezvous with
a whole bunch of small bodies. And then Mars. In '98, launch a global
surveyor, Mars Lander II. And maybe even Mars Penetrator I. Then we
get to 2000 Deep Space II. This is going to be the first experiment in
interferometric techniques in space based upon work we're doing with
keck-zand on the Mount Palomar interferometer.

We thought the problem was going to be the beam forming networks and
the metrology, knowing where things are to within a pico-meter, and
having pointing accuracies of a fraction of a micro-aresecond. That's not
the problem. I will talk about what the rest of the problem is later. But
these are on the books, and we've put them on the books even though the
NASA budget's coming down. Someone there in the press conference said,
"NASA's coming apart." I don't understand. I just don't understand,
because people in the past measured the vitality of NASA by the dollars
going in, by how big an organization they had, by how much paperwork
they had, and how to satisfy the bureaucrats in Washington, how much
punishment could they inflict on the nation?

I'm proud to say our budget has come down. We started 25 new programs
with 20,000 less people in this great government. And there's going to be
another 35,000 less. And I feel on a human basis, that this is a vital and
alive program. Hubble is going to be up there, and next year, just about a
year from today, we're going to put in a UV spectrometer, and we're going
to put in a NEAR-IR imaging spectrometer. Think about what's going to
come out of Hubble. And it's not going to be done without people. They're
going to be astronauts who do it, and I'm proud to say there are going to
be astronauts. And we're working with the KECK Foundation: we're helping
build KECK-II and this May we're going to dedicate it and we're going to
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start getting first light in October of this year.

And then with the data from the Mount Palomar interforometer we're
going to update the beam forming at the KECK Observatory in Hawaii. And
when they get the interferometric measurements we'll begin to get some
sense about extra solar zodiacal light, and hopefully we'll detect- directly
from the ground- a whole bunch of Jupiter-class planets. And again we'll
move forward. And then we're going to study the earth's environment.
We're going launch the Lewis Spacecraft, the Clark Spacecraft, the TRMM
Spacecraft, Topex follow-on.

I noticed our French friends here. EOS AM-I, EOS PM, Landsat, Sea Star.
These are all going to happen, and starting in '99, every year we're going
to launch a new earth science probe. So it's amazing that for less money
things are happening. We intend to open the space frontier, not to provide
jobs for people in the industry. Not to provide jobs for bureaucrats and
not to provides jobs for bureaucrats in universities. Perish the thought.
They're there too, 'cause they're not just in the government. We want
people to work with us who want to open up the space frontier. This is not
just intellectual. It touches the human spirit.

I took with me two issues of Time magazine I mean, I read lots of
publications. I could take bunches of them. But look, here's Time
Magazine. The cover of Time Magazine. Not about death and killing. It
says, 'Is anybody out there? How the discovery of two planets brings us
closer to solving the most profound mystery in the cosmos'. This says
there's more to life than survival- that as human beings we need
intellectual nourishment as much as we need food, as much as we need
shelter. And it's built-in to our culture. And even more stunning, this is
another Time magazine I don't have my reading glasses on, but I think it's
from December of '95. It says, 'Evolution's Big Bang'. If you haven't read
about it in either this or any of the scientific journals, there's been some
new findings that in a 10-million-year period, about a half-billion years
ago, it seems everything happened. We went from single-cell organisms to
the most complex structures. And if we have a sample of one planet earth,
I'm not sure we'll sure we'll ever be able to answer why. And for that
reason alone, and I'll talk about many others, we need to explore.

So we shouldn't worry about just the day-to-day things because they'll get
taken care of, believe me. We have 535 people in Washington worrying
about the day-to-day activities. What we have to do as scientists and
engineers is think beyond the next fiscal year, beyond the next quarter.
We have to think 20 or 30 years out, so that Bell Atlantic technician is
assured that his child will have a real future. This is what drives me. I
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mean, every day I have to pinch myself and say, oh God, look at the job
you've got. What a privilege that the President of the United States lets
you come into work each day. And each day I say, whew, I made it
through another day. He may decide not to. And that's been known to
happen.

So what we have to do is have some unifying vision, and that vision isn't,
let's run straight for the planet we could go to. We have to think about
asking some fundamental questions and seeing how we tie science and
commerce together. And commerce is not a dirty word at NASA, because
science, technology and commerce are absolutely integrally aligned. And
some of the feedback the American public gets from the space program is
the improvement in the quality of life giving them the technologies we
undertake. But the real payback is going to be when we open the space
frontier and make it part of our economic system. And that will be as far
away as we allow them.

Eo I'm here today to pose questions, tie issues together, to explore issues,
set goals, and talk about how we're setting some thresholds. What I will
not do today is announce a disconnected feel good mission. And 1
remember on the 25th anniversary of the celebration of Apollo, there was
an unbelievable pressure. "Hey Dan, is NASA or the President going to
announce we're going to Mars?" Absolutely not. That would have been
the wrong thing. Because then we'll be back to where we were. We had
this organic shuttle program. Now, I don't want to be demeaning to the
people that worked on the shuttle, but the shuttle has suppressed a lot of
science that we could be doing. There's no reason we shouldn't have been
doing these things 10, 20 years ago. So we have to fight the temptation of
getting an organic feel-good program that could destroy the integration of
what we're trying to do.

Before I talk about this, I'd like to thank a number of people I consulted
with. Harry Holloway, Wes Huntress, Sam Venneri, Jeff Plescia, Diane
Ballard. 1 talked to Gene Shoemaker at the Galileo encounter,

France Cordova, Carl Pilcher, Mike Myer and Dr. Townes. I picked
everybody's brain, and I tried to synthesize some of the thoughts that
people have, because no one person has all the wisdom.

What I tried to do here is list what I consider to be three fundamental,
interconnected questions that we have to answer. They're multi-
disciplinary questions. It's not about a spectrum or a mission, it's about
answering the fundamental questions, because the American public doesn't
know what a Cassini is, but they know what fundamental questions are.
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First, where do galaxies, stars and planetary bodies come from? How do
they evolve? Two, are there other places that had an environment and in
the broader sense of the word, have an environment or might have an
environment hospitable to life and/or commerce? Three, is life of any
form unique to planet earth? And I think this is what... this is the fine line
I was trying to get at... and, that I think, is what turns people on. So stet is
not a program [I'll talk about today, not a discipline, not an agency, not a
specific date, but an integrated, multi-disciplinary, technological, cultural
and economic quest.

We are interested in sustained presence in the solar system. We are not
interested in rushing off to Mars, spending tens of billions or hundreds of
billions of dollars and stopping the scientific pursuit so a few people can
feel good and a couple of companies will get big contracts. That's not what
we're going to do.

Now, to attempt to answer these questions, we could perform the following
task. And again, I think this has be decided by the people in this room,
scientists and engineers around the world, and I'm only proposing these as
a starting point and I hope they'll stimulate discussion. First, survey space
to search for and analyze the earliest forms of galaxies. Two, search for
and analyze stars and planetary systems in the process of forming. Three,
search for and analyze extra-solar planetary systems in our neighborhood.
And our neighborhood is defined as, as far as the aided eye can see. And
right now it can't see very far. It's blurry. We now are myopic. Four, to
search for and analyze planetary bodies that were, are or could be,
habitable and/or could have resources of economic interest.

Five,Search for resources and/or signs of life including alternate life forms
that we don't even know about. We just found some alternate life forms at
the bottom of the ocean that don't operate the way other life forms
operate, and if we can have it on our planet, by God, we could have it on
others in our own solar system which we have yet to go to and appropri-
ately explore. Six, attempt to determine some of the factors controlling the
origin and fate of the universe and our solar system. Everyone wants to
know.

And it brings to mind a story. I went to my daughters' school when they
were in elementary school, and I talked about the solar system, the sun,
planets and relative planet positions, and then I made the mistake of
telling these 9-year-old children, that the sun's going to burn out in five
billion years. They got hysterical. (laughter) But these children were
giving an honest emotion. Think about our own feelings as adults. So
these are not insignificant questions.
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And finally, and most importantly, to benefit people in America and on the
planet from the richness of the findings and technologies. And you can't
do this with a single point program like Apollo. You can't do this with a
Sprint; it's a marathon and demands revolutionary change, not
evolutionary change. Let me give you an example.

The Hubble Space Telescope. I love it. Six billion dollar life cycle.
Unconscionable. It weighs 25,000 pounds. It costs us a quarter of a billion
dollars a year. It's getting great results, but at what cost? And we have to
get into more of a cost/benefit analysis. So [ challenge you and I'll talk
about it later to the people in this room and people across the nation- I'll
talk about how I think you can get there, without being specific. We need
more than an order of magnitude reduction in weight. We need at least a
factor of 20 reduction in cost. And we need at least a factor of two
decrease in the size of that telescope. And that technology needs to be
developed in the next ten years. We could do it.

People out on the west coast... in fact, I saw Roger Angel here. Roger tells
me he can do it. He's a little too heavy, but he can get it down a little bit.
So everything is connected, and new relationships between industry and
academia and government and the American people have to take place.
The Apollo era is gone. America spent five percent of its budget to go to
the moon because we had to beat the Russians, and that was the right
answer. Our budget is now nine-tenths of one percent. So I will fight
anyone who wants to rush forward for a feel-good mission to the moon,
that doesn't have revolutionary technology. Not for the technology sake,
but we need orders of magnitude of reduction in cost, so we get the
cost/benefit ratio -- so industry could begin to think about getting
involved. So 20th Century thinking is out, and 21st Century thinking is in.

Now, if you take a look at NASA, a silent revolution happened. I think we
could go, and I don't think anyone would notice it. NASA is no longer an
object-oriented program. We no longer have a Space Physics Division to
serve the space physics people in the university system. We no longer
have a Planetary Division that has a community that needs so many
hundred million dollars a year. We no longer have an Astro-physics
Division. We have intellectual leadership at headquarters based upon
questions that need to be answered, and multiple disciplines. We no
longer organize ourselves around wavelengths. We no longer feel
constituent-oriented, the people who go to the Congress and have to have a
specific level of budget so that they don't have to lay people off.

Now, I don't want to appear heartless. We've got to be dominated by work
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that's outstanding, and the work cannot be subsidized by the American
people to provide stability in laboratories. Your work's got to make it
through free-flowing peer review research, and not pork from the
Congress. And this has hurt the NASA program. Nobody's bad, but sit in
my office sometime and you'd throw up from the calls you get from the
Hill. Good people on the Hill, because people are trying to maintain the
status quo, and the NASA team i1s bound together and determined, never
again.

So, we have a shared vision. We're going to look at the planetary system,
not as planets in our solar system. We're going to look at the planetary
system as every possible planet that we can see with the aided eye. And
we intend to do comparative planetology. We intend to get ground truth
from what we can see with robots in our solar system, to what we can see,
where appropriate, with people who walk on planets in our solar system,
or we can see remotely in nearby suns.

So what we have done is, we have taken the program responsibility away
from NASA Headquarters. It's gone, it's finished, it's done. We actually
trust the people in the Field Center. We've identified lead Field Centers
functions, and we're out of command and control. ENO longer will people
patrol the halls at NASA Headquarters, looking for hot dog stands. We're
shutting down every scientific hot dog stand, and everything must be
related to the strategic plan for NASA, and everything must be related to
answering basic questions.

And we're open. We want the scientific community to come back at us and
say, "Hey, we don't think the questions should be this way, they might be
that way. But we're communicating with the American public, we're online
on the Internet- we get an unbelievable amount of hits- and we want to
work togetherj @e've got to close all these hot dog stands because as our
budget comes down, it's not allowing us the kinds of research that need to
be done. So for our part, Headquarters will no longer be measured in
multiple thousands of people, it's going to be measured in hundreds of
people. Good people are going to go to the Centers, and good people may
no longer be with the Agencg

I don't want you to feel there are bad people, but this is a fundamental
change in the seascape. Headquarters will determine the what and why,
centers will determine the how. We will not usurp the responsibility of
the lead center and directors. Engineering is going to be short-cycle time.
As a general principle by exception, we won't start programs beyond three
years from the start to launch, unless there's some real compelling reason.
We'll demand that all the technology get done in advance. You could have
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experimental programs, you could crash x-planes, you could do whatever
you want. From the point you start to the point finish, unless there's some
rule of physics that says you have to, three years. Low cost; each mission
has to be less money than the next. Because our budget's coming down
and it's not even getting corrected for inflation, and we want to start new
things every year, and that's how we'll do it.

We will have a technology pipeline. In the past, every program had to
have their own technology, and now we're setting up the technology
pipeline for launch, setting up the technologies pipeline for spacecraft, and
we're not going to fund technology on a hot dog stand basis. It will all be
covered (inaudible) based on (inaudible).

And it brings to mind a question a young engineer asked me. I was in the
job maybe about three or four days. And this young engineer said to me,
"Mr. Goldin, I have a problem. I found a new device that no one will fly. I
go to the program managers and they say, has it flown before? And he
says no, so they say to me with a pat on the head and the back, go away
young fella. Go get it flown and then I'll fly it." You know, how is a Catch-
227 Well, we are now setting up a series of spacecraft that are going to be
technology directed, so we can test these new technologies out so when we
go into the missions, we don't have to have risks.

This is the concept and, I'll tell you, I've got to thank one person in this
room here, Jerry Pourvelle. He came to me early in my tenure he talked to
me about this experimental concept and a number of others. Really
competitive things, and I probably (inaudible) . So we now have the tools,
we now have the approach, and now we have the planetary approach
that's broadened out.

So how do we go at it? I propose that you consider that there be four
phases to planetary exploration. I'll call Phase 1 Robotic Precursors. This
is where you can throw flyby, orbiters, landers, rovers, sample-return
devices, to kind of scout the land. To find the places that have some real
potential. Phase two would be Initial Human Exploration. That first few
flights. You don't have to plan it for a whole long series. Just the first few
flights.

Then as you get more data... the cost benefit ration starts getting better...
the potential for scientific resources or commercial resources appears, and
as the cost goes down that ratio is really sharp. You then go to Robust
Human in the exploration. And then finally, you go over the threshold, to
phase four, Sustained Human Presence. [ think we need to think about
these different thresholds because we mix our metaphors. When we talk
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about missions- "Hey, I want to go to Mars"- what people generally say is,
give me the price for that first flight. And that's unfair to the President
and that's unfair to the Congress and that's unfair to the American people.
And these phases have a hierarchy. It's a resolution of spatial, temporal,
spectral, analytical, and adaptability to tools.

Let's take a look at them. The lowest spatial resolution, the lowest spectral
resolution is going to be from telescopes on the ground. We've done it for
centuries. And the first big leap is to take the telescopes off the ground
and put them into space, and get rid of the Earth's atmosphere. Ultimately,
the telescope's going to have to leave earth's orbit. We're going to have to
put the telescope out at about 5 au, so we get rid of the zodiacal light, if we
ever want to look at planetary systems around nearby stars.

And then you get better resolution by going through a fly-by and that's
what we did with Mariner II to Venus. And it opened up our eyes. Then
we orbited the moon, the lunar orbiter in the Mariner series. And then we
landed the Surveyor and Viking. I mean, that was it.{ We haven't landed
on a planet for 20 years now because we've been so excited about the
service support contracts on the shuttle that we're not doing science. We
spend $10 Billion on the space station and didn't produce a piece of
hardware, but boy, did the contractors have funi

It is shameful; it's stealing from the American public, and these are good
people, but we have a bad system and we've got to wipe out this bad
system. | And we're getting there. We've made tremendous progress. And
then after we land in fixed positions, we've got to roll. We're not going to
wait two more decades to roll. Within days of the time that the Mars
Orbiter was lost, we started the Mars Pathfinder. At one-quarter the cost,
we're going to land a rover on that planet that could move around without
command from Earth. We say, go from here to there, it will figure out
where the rocks are and will go around the rocks. It has its own eyes and
it has... I don't want to say a brain, but it has a reasoning capability, and
that whole rover may have cost $10 Million. Maybe 15. 1t didn't cost a
good fraction of a Billion dollars. And they're building the whole thing in
three years, and if they launch it to Mars and it doesn't work, I'm going to
hug that team for having the courage to do it, because I want people to
take risks. Spacecraft are less expensive, and we could afford failure
because we've got to push the technology in these areas.

And then after we rove we bring back samples, or we can put an instant
new lab out there like we had the Viking biology life detection
experiments. That trade isn't very clear to me. I think it will probably
make sense to bring the samples back so we don't have to miniaturize a
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chemical and physical lab (inaudible). So Stardust is our first sample
return, and we don't have to wait until the middle of the first decade in
the next Century to do it. And then clearly, you've got to put people on the
surface when we find out that we exceed the threshold of the cost/benefit
ratio.

Apollo was enabled by the technology of Saturn and the Lunare Excursion
Module. Jack Schmidt found active volcanism there because he saw orange
glass. Now people say to me, "Dan, why don't we send rovers? Why don't
we sent robots to do this work?" To which I respond, the minute you show
me a robot that roves the earth doing geophysics, is the very moment I'll
send a robot, at 10,000 times the price, and put it up on a planet. It
doesn't have cognitive ability yet, it doesn't have versatility yet, it doesn't
have manual dexterity yet, and it doesn't have adaptability yet. Now,
maybe when some of these robots come into being, we won't need people
for that aspect, but we still need the cultural aspect. And people are going
to inhabit other planets at some time. I don't know when, and it won't just
be robots, it won't just be robots.

So the challenge is to figure out what are these cost/benefit thresholds
between Phase I and Phase II, Phase II and Phase III, Phase III and Phase
IV. And it could be scientific, it could be economic, and it could be cultural.
And I say, we should not ignore it. I'm not saying overplay it, I (didn't
say) (inaudible) do it for money, but if there's a commercial benefit or
scientific benefit, people of the United States or people around the world
are going to pick up the bill, and we've got to factor in communications
that do not put science into a black hold.

And T want to tell you, we've made very little progress since I begged this
organization a year ago, to get the scientists to start communicating with
the American people. We haven't made progress. I've probably been in
20 or 30 cities since I gave that speech and people are still saying to me,
I'm not seeing it. You need to do better, I need to do better, we need to do
better.

Now, let's take a look at some of these scientific benefits. And again, you
can make your own list, but I've made mine and I'm speaking about it so
you can decide whether you like it or not. First, and probably one of the
most compelling, are there present or past forms of life at any level. If we
could find a fossilized, singular-cell life, it would change a lot about how
we think of ourselves. How is the planet structured and how did it evolve
and what are the implications to the earth's evolution or general theory of
evolution of the earth? Can we unravel the body's climatic history and
environmental history so we can better understand our model for the
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climatic understanding, because when you start doing climatic experiments
you need a laboratory the size of a planet. You can't get some of these
performance parameter inside of a laboratory of planets.

From an economic standpoint, the most compelling issue is, can you find
resources to live off the land? And in fact, if you ever want to get to Phase
IT from Phase I, you must have that, because it's going to be too expensive.
As Bob Zubrin points out, the load-down of spacecraft with all the
breathing gases, all the fuel to go there, to stay there and come back. So I
would say it is my intuitive feeling that you almost have to say finding
resources to live off the land has to be a condition to go from Phase I to
Phase II.

Second point on the economy is, are there natural resources in the

broadest sense, of economic value? Are there environmental conditions
conducive to manufacture of high value products, because the environment
that you have there gives you unique ability (inaudible) performance
better than what we have on earth. And there are a whole variety of
parameters (inaudible). And maybe, just maybe, Tom Rogers, (inaudible)
reality.

Now, when you think about geological fieldwork, and you look at this
article in Time Magazine, you know, the geologists made... the
paleontologists made a trade. They took a look at Landsat pictures...
perhaps, I didn't get into their brain... they took a look at other things, and
they saw there's some places in Australia that offered some promise. Did
they send a robot to Australia? No, it was a cost/benefit to get a plane
ticket and rent a car to go to the site themselves. And they went to this.
In other cases it made more sense to send a robot, so when they went to
the bottom of the ocean to make some of those measurements, they sent a
robot.

And this is okay. You don't have to have robots and you don't have to
have people. But you do this horse trade so that it makes sense, and then
you proceed forward instead of making macho statements saying, "I'm
going to go, follow me." That's what happened with SEI. President Bush
genuinely believed this was the right thing to do and to me, NASA let him
down. We led him down the garden path because we didn't tell him how
much. How much was a quarter to a half trillion dollars measured over 30
years? You know, it dims the light on the gross domestic product. This is
not the way to do space science. So we need to really think through this
cost/benefit analysis.

Now, let me define what I mean by the life zone, because I know there are
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those who say the only place to go is Mars. It may be the only place to go,
but if you think about what the definition of the life zone is in the broader
sense, | think we may open up our minds. The life zone is not the range of
distances between the sun, where conventional thought says that water
will be stable... where it won't boil and it won't freeze. It's much more
encompassing. It's a multidimensional space of temperature, pressure,
composition and time, in which conditions necessary for life could, does or
did, occur. Very important to think about that.

So the robots have begun to explore what that life zone is in our solar
system and they'll define the life zone... they've begun to define the life
zone in another solar system. The earth, we can go down to Antarctica.
Chris McKay is here, he's done that. It helped us to figure out where to go
on the Viking, except the data came two months after we launched it, so
we went to the wrong place to search for life. You know, we look at the
deep oceans and we see other characteristics and we look at Australia.
Now, Mars looks like a place that might be right, and we all know... most of
us know the arguments about Mars: it might enough water, comets and
asteroids could have landed there with the building-blocks of life, there
are dry lake beds. There are all the conditions conducive that life could
have or might exist.

And we're going to begin to get a sense about that. But we have to look at
complex environments- at the interplay with geological processes, chemical
processes, physical processes, biological processes, and a whole host of
transport processes. And these are the things that produce the conditions
we can't always predict or imagine.

Now, let me pick a wild and crazy one. In the summer of this year we fly
by Europa. First blush from Voyager says it had these cracks that come
and go. Maybe the ice is healing itself. And then when you take a look at
it, the gravitational pull could be putting enough energy into the core of
this body that we might have an energy source. And then if you look at
the density, looks just like a chondritic meteorite. And that has building
blocks of life. So if you look down to the earth's ocean's floor, in the
deepest channels on earth, maybe we might find the kind of life there that
might be on Europa. Who knows? I don't know. But I certainly keep an
open mind and when we think about where we're going to go next, I have
deep respect for what I don't know about. But who knows, it might have a
10-kilometer thick ice crust, on a 100-kilometer deep ocean. Who knows?

Venus, maybe billions of years ago, could have been in the life zone.
Today it's not.
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The Moon. What if the Lunar Prospect finds ice at South Pole. Who
knows? I want to tell you, there's going to be one beeline for the moon. All
sort of possibilities. Maybe Titan... Cassini, once it's there in '97. And as
Gene Shoemaker points out, water abounds on the near-Earth asteroids.
There could be a wealth of possibilities in those asteroids.

And then, not only do we have the possibility of life, but we have the
possibility for some ground-truth. Think about Europa, and think about the
moons that might exist around these planets that we just have found.
What if we get some ground-truth? We have to understand life here and
be open and imaginative. Let me just give you one little speculation. Let's
say we find an earth-sized, blue-green planet. You say ah, we found life.
What if we found a blue-purple planet? Should we stop? Maybe we've
got photosynthesis from rhodopsin, and maybe life might be the same,
except it's rhodopsin instead of chlorophyll. So we have to keep open
minds.

So the possibilities are great but there are limits to what we can do. The
NASA budget's coming down, and before we can even think of stepping
foot off this planet, we have got to fix, the festering, nagging, shameful
problem that we have in this country in launch vehicles. I'm embarrassed,
I am part of the problem. 1 feel we have not served our country well, yet
every time we go forward with a new launch vehicle, the scientists are
worried about their programs. I'm here to tell you, scientists, that unless
we have a launch vehicle there will be no science-that we can no longer
afford $10,000 to $20,000 a pound.

And I testified under oath before the Congress that the highest priority for
a new start at NASA, was to fix this and go on to a different problem. Even
if the budget comes down, we will cancel programs. Never again are we
going to pay the price we paid for redoing old ballistic missiles that my
company system system engineered in the fifties. I'm embarrassed for our
country. Good people have been living with the status quo, and if this
doesn't change, we can talk all we want about space, we can talk all we
want about interferometry, we can talk all we want about instrumentation,
but, we must have new launch vehicles. And it's not going to happen with
an organic program. Let's throw $10 Billion at it. Design a little, build a
little, test a little. I'm going to keep the program small in size so no one
will get rich immediately. The place to get rich is after you figure out how
to do it for an order of magnitude of less money.

(Ist tape ended, tap gap)

After you get into that shuttle, for two minutes there's nothing we can do
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for the astronaunts. All they can do is bail out.

But we've got to be honest with the American public and not deceive the
American public that they're getting something that they're not getting.
They can no longer afford billions of dollars a year with tens of thousands
of people hugging the shuttle. There are some people who think the
shuttle is the ends, not the means of the program at NASA. Now, it's a
wonderful machine and we're going to make that machine as safe as
humanly possible. In fact, the reliability on ascent in the last three years
has (inaudible) because we invested money to make it that way so the
astronauts would have more confidence getting in.

But there are those who think they're going to keep the shuttle program
alive to the year 2025, and I want to tell you, they're whistling Dixie.
Unfortunately, this crew is in agreement. Come to an AIAA meeting and
you'll see the frowns. I mean, we are taking money from science and
putting it into bureaucracy. Where is it said you need 20,000 people to
build a launch vehicle? But given that fact, I'm proud that we have a safer
vehicle with a million dollars (inaudible) of new investment. This money
helps fuel (inaudible). So that's the first item on my list, and probably the
second, third, fourth, fifth and sixth. That's the only way we'll leave this
planet. That's the only way we can do a mission like Gene Shoemaker
proposes.

Then we have to second, figure out how people could live more safely and
efficiently and productively in space. You can't take people in a 1 g
environment and throw them into cosmic solar radiation, zero gravity, and
say have a nice day. There are fundamentals of life science that have to be
undertaken, and this is where we as an Agency, must nod to the medical
science, life science, biotech (inaudible) all the communities in this country.
NASA will no longer be about rocket boosters when we fix that trouble.
NASA's going to be about life sciences, about how to medically select and
protect solar flares, cosmic radiation, life support. How do you control
microbial elements for two, three years... it's a very small environment-
without getting a Legionnaire's disease. But if you get Legionnaire's
disease, what do you do? How do you make a personal life support
system? A space suit that doesn't cost $10 Million. It costs a good fraction
of a million dollars every time you use it. The object of the EVA suit is not
to make people wealthy or give them jobs. The object is to protect the
vehicle activity.

Microgravity affects the heart, the muscles, the bones, the immune system,
the nervous system. By studying how to get countermeasures to them,
we'll better understand human physiology so we can enhance the quality
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of life on the earth. We need new concepts in medical care. You know, on
Apollo we invented intensive care monitoring, and some of the people in
this room have had to have these little battery packs you carry around.
Just about this big, looks like a transistor radio. We intend to put that on a
microchip that you can't even see, using nano technology. And in fact,
right now some of this technology is being used at the University of San
Francisco to put implants into children that are still in their mother's
womb so you can monitor their vital signs (inaudible) and perform
surgery. So it's not in the future. It's here. Chemical surgery, select and
induce resistance to illness. Telemedical Support to enhance diagnosis.
These are going to be done in the space station and ground support.

This is science, this is important science. We have to figure out to make
robots and how to integrate them with humans. We are on a path to
develop robots that think, see, hear, touch, smell, speak, talk, perform
mechanical operations. Right now we robotics assistants. By the time we
get done with the space station we intend to have robotic surrogates
(inaudible). And we're going to test them in space. When we put the
astronauts in space they're not going to do into space with a 400-pound
space suits and at least 10,000 hours of pre-breathe.

Third, we need tools to produce higher resolution spatial, spectral,
chemical, and to cut life cycle costs, science space-based infrastructive.
And here is the concern. Let me use the Hubble space telescope as an
example. Hubble is as safe as every other telescope we've put in space.
Because we've built telescopes on the ground with (inaudible) huge pieces
of heavy glass, we said uh-huh, when we build a space-based telescope
we'll do the same thing. And then on the ground, because of gravity, we
need an ultra-stiff structure. [ mean, sort of I-beams for a metering tress.
So we made this thing so darned stiff that you don't have to worry about
any problem.

So then what we do is, we take the same technology and we try to put it on
a launch vehicle. And so we get a $6 Billion, 25,000 pound wonderful
Hubble telescope. What we need to think about, and will open our mind, is
instead of rigid trusses, get the rigidity with laser beams. Use floppy
structures and go to adaptive structures to correct dynamic problems and
cause these static problems. Control the surface of the optics so you don't
even have to test it on the ground, and figure out how you take this flopy
thing, put it into space, deploy it, have it adaptive control. Now, I'm not
talking about tomorrow, but we've got to leave our old ways if we ever
expect to get a factor of 20 to 30 reduction in cost (inaudible).

Now, I want to tell you, I just read a ski magazine. K-2 Ski's has the
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following ski which I will buy next week when I go skiing in California. It
has a ski with a piezo-electric device, so when you go over bumps you
build up a charge on a capacitor which then gets dissipated, and the result
is the skis don't vibrate. Now, if K-2 can build a ski to do that for a few
hundred dollars, we ought to be able to build an optic twice the size of the
Hubble Space Telescope. An adaptive optic. We ought to be able to make
that one-tenth to one-thirtieth the weight, and one-tenth to one-thirtieth
the cost, and all of a sudden we could see anything we want to see. Maybe
out to (inaudible) light years. This is important stuff. And then, instead of
grinding things, we ought to replicate surfaces, and instead of grinding and
polish, we ought to think focus. It's a whole new way of thinking, that you
can apply this active control of large space structures. And they're
building systems in space with zero G precautions.

Now, the first task that I talked about, the lead center is NASA Marshall. 1
told them, shut the hot dog stands down, and all you've got to do is work
within this framework (inaudible) academia (inaudible). NASA Johnson's
been worried about operating a space station and figuring out how people
can live and work in space. JPL, worked with academia and industry, and
resolved this problem.

The fourth problem is probably the most difficult, and not necessarily the
least priority. There's revolutionary change in design, simulation, and
analytical tools. We're in the dark ages because of tools, and I ask you to
think about this. We have inhomogeneous, non-isotropre materials. If you
fail a composite it doesn't yield, it explodes. We have complex
environmental inputs, we have stocastic processes and non-deterministic
systems. Now you mix all this stuff together in a ball and say, where's my
design tool? It's non-existent.

First of all, if we're going to work with composites in some of these
(inaudible) materials, we need a physics-based design tool to start with the
individual molecules and the forces between them. It builds up

(inaudible) design (inaudible) , and started (inaudible). But this is the type
of thing we would hope we have partnership... this is a perfect job for
academia. This is the kind of thing that needs to be done. We have these
design tools... we design in black plastic, do you know what I mean here?
Black aluminum, design in black aluminum, you know, when you take
composites and you do safety factors like you do in aluminum. But it's
non-elastic. It's not isotropic. It doesn't make any sense. Beechcraft tried
that with that starship, that's why it failed. They designed in black
aluminum. The University community needs to work with us to build
these physics-based tools.
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Then when you think about what has to be done when you get adaptive,
intelligent, learning, self-generating, software to deal with the chaos and
the sheer magnitude involved in (inaudible). And then we need computers
to go along with that. And maybe in the limit we go to wet computers.
Genetic-based algorithms could provide stable, state change of complex
systems, and we are working on this. The other problem is, travel is too
expensive. People get on planes, still today, because we don't have
geographically distributed user-friendly tools to allow collaboration. So we
need interconnectivity, interoperability, wide band width, with common
media and low cost.

We have just changed the mission of NASA Ames. I told them, stop
hugging wind tunnels. Let go. Let's take the science mission at NASA
Ames, and turn it into an institute, and let's focus NASA Ames,that's right
in the center of the information capital of the world, into the center of
excellence of information and technology in the world, so we can develop
these tools. And we're starting... we're working with the entire industry,
we intend to have a virtual laboratory for developing multimedia tools
right now for doing these kinds of tasks.

So these are the type of things. Now, anyone can make their own list, but I
think these things go to the heart of the problem, and these issues get back
to scientific fundamentals, starting at the beginning with the molecules. So
I'm highly confident that we'll be able to do all the things that one can
name in one vision.

Let me ask you to think about this. A few decades from now a young lady,
who is the daughter of this Bell Atlantic technician, will be the director of
JPL. (inaudible) And she's going to be sitting in her office and she'll be
looking at a number of images in this picture-framed video display on the
wall. And she'll be looking at direct detection and analysis of some
planets, and she will have seen a planet, and if we didn't have enough
resolution to see ocean and continents and clouds, but because the planet
was spinning we had a few pixels, she was able to discern some ice caps,
she was able to discern some temperature variations and (inaudible)
characteristics.

And she also took the data in an office where the mission that she helped
lead, before she got that job, to land the first human on Mars, in the first
demonstration phase of the mission. So perhaps, just perhaps, something
would happen. She was waiting, the phone rang, and the NASA
Administrator called and said, don't come to Washington. Turn on you
screen. I've got to show you something. Perhaps they and the rest of the
world sees something that changes history. Something that changes what
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it means to be a human being, and perhaps, just perhaps, they would see
something that suddenly and forever changes everything. Thank you very
much.

(Q & A session with audience)
Q. (inaudible)
I have not spoken to him.
Q. (inaudible)
I understand. 1 mean, I try and talk to as many people as I can. I'll be
happy to talk to him.
Q. (inaudible)
I understand, and, I will do that. I will take it down, and if you give me a
card, I'll tell you what he said.
Q. (inaudible)
What's that?
(inaudible)
Oh, Time Magazine (inaudible) my eyes are old eyes (inaudible) it looks
like December 4th, '95. (inaudible) has good eyes.
December 4th, It had it right. Yes sir?
Q. That's an inspiring vision you sketch, but you're not going to (inaudible)
the space station (inaudible) could you expand on that for a bit, please?

Well, 1 appreciate your comment, and let me respond to it. The space
station is being built to see how people can live and work safely and
efficiently in space. Now, if you want to test someone at zero gravity, you
can try to do it on the earth and you get 28 seconds if they go in a ballistic
parabola. If you want to expose someone to years of zero gravity and get
real (inaudible), real sophisticated medical devices, the only way we know
how to do it is to go into an orbit that keeps falling. And we know an orbit
we can keep falling by going into orbit around the planet earth. If we
want to go test robots in zero gravity, we don't know how to do that and
have those robots interact with human beings for 29 seconds.

There are a whole host of issues. If we want to really test how to contain
samples and bring them back to earth (inaudible) because if we bring back
specimens (inaudible) there are a whole host of microbial (inaudible) .
You can make long, long lists, so, sometimes people think about, oh, the
justification for the space station is to do microgravity and life sciences.
The justification of the space station is to figure out how people can live
and work safely and efficiently in space.

That's something we have to do, and then because we set up this unique
facility... we have 100 kilowatts of electricity, we have a pressurized
volume equal to the size of two jumbo jetliners, we have 14 of the most
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developed countries of the world participating, we have six researchers on
board, probably one and a half will be tied up with maintenance. We can
do stunning science, I want to tell you. Even in that domain, even though
that isn't the justification, we are getting stunning results. Biotech to
biomed to materials. Testing Nobel prize theories. The theory of phase
change. So it is there.

Now, the point I want to make is, the reason the space station got into
trouble in the first place and we kept debating it, it is no longer a
debatable issue. We are going to build the space station. That's why we
spent $10 Million in 10 years and got nothing, because NASA tried to
please the Congress. A responsible parent sometimes says, "no". We're
saying "no" to redesign, we're saying "no" to changes, and we're going to
build a space station. We are less than two years away from launch. Now,
we set that schedule in October '93. And unless there's some act of God we
can't control, we're (inaudible).

We have a reserve, and the other thing we did that's unique is to set aside
$2.6 Billion reserve for science. Engineers cannot touch one nickel of that

science. The problem we had is we had a solution seeking a problem. We
now have a problem seeking a solution.

And the other thing I want to tell you and this gets back to a point that
was made with Gene Shoemaker in a press conference, someone said, Gene
has an idea for amission to an asteroid. Will you approve it? I got a little
cute and said "no". What I really wanted to say was, we have these
thresholds to go through, and if Gene can make it through the process, and
it will be a peer review process- it will be a national peer review- if he
makes it through, and this is the priority in (inaudible) mind. Now, his
argument is, it's less expensive to go to an asteroid then it is to go to the
moon because there's almost no gravity on the asteroid and you don't need
delta-V going down and going up. And he says the scientific riches on the
asteroid has great possibilities.

Now, one of the things I didn't talk about was, we would like to have some
demonstration missions instead of just pausing between Phase I and Phase
II. Real quick how cost missions to prove out the technology and safety.
And one of the things I did was, I challenged the folks down at NASA
Houston. I said, it cost $11 Billion on a current basis in FY94 dollars to go
to the Moon on Apollo. [ give you the following Gedanken experiment. Go
to the Moon... you're getting no money to do this study... (inaudible) figure
out how to go to the moon, land two people on the moon, keep them there
for three days, bring them there and back safely, no other requirements.
And then I said, figure out how to do something similar for an asteroid but,
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number one, something in the range of a factor of thirty less than Apollo
on a recurring basis.

They weren't afraid. And right now, we'll see how they go. 1 wouldn't
want to... I don't want to usurp what they're going to say a year from now.
And I said, no outside contractors, you can't have thousands of people. I
want you to sit in a room, I want NASA to start getting technical instead of
being contract managers. And then we'll ask contractors to do this later.
But I want to re-establish the pride and excellence of NASA. They told me
that we could go... and I had fun doing this also (inaudible) Apollo was 136
tons in their calculations and they could go for 26 tons (inaudible) . Very
different.

But you know what they said? The thing that's killing them is launch
services. And that's why when Gene... someone said, well, will his asteroid
mission go, the sooner we get margin of control I feel will get (inaudible)
asteroid. He may (inaudible) that may be the very first mission we're
going to perform, and that's administrative (inaudible) technicians, I tried
to. Thank you very much.
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It's really a privilege to be here. [ spoke at the gathering last year in

Atlanta, Georgia. 1 talked about the author's task of communicating

numerically. The criticality of the scientific community not looking into. =~

itself would recognize that the American public is picking up the bill for all

the science that we do, and sometimes in the joy and passing what we -~
%—g& that the ultimate consumer of science and technology that we're

working on for the American public.

And a hell of a story about the American public, (inaudible)-it's—got—te—be
Jowered. And this story takes place in November of last. year. My wife
and I had just moved into a house up on Capitol Hill and I was trying to get
the phones hooked up. 1 got the phone line hooked up but I couldn't get
the fax line hooked up and I was feeling kind of naked at the time without
my fax at home. So we arranged for a technician from Bell Atlantic to
show up at our house at 9 o'clock on Thursday morning, which was I think,
the week before Thanksgiving. And 1tAclear why 1 would betfhatﬁ at 9
o'clock, was [ was non-essential and the Government had shut down. So
my wife went off to work and made sure I took care of all the chores in
the house.

) 3L was also an interesting day because at 11:10

that day I was going to communicate with the International Crew on Board
the MIR, from my house. And I had refused to go into NASA Headquarters
because we were on furlough and I felt it inappropriate that the
Administrator bring in the crew in the TV studio so I could talk to them, so
I just asked Mission Control, can I make this call from my house? And
they said, sure.
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So 9 o'clock passes, 9:30, 10 o'clock, 10:30. A few minutes to 11 the

doorbell rings and there's this big, tall guy at the door and he can hardly
speak English and he says, hi, I'm from Bell Atlantic. I'm here to put in
your fax line. I said I know, but I've got something important to do. So
he says,*I can handle it real quick, don't worry.' So I opened the door, he
goes dashing into the room, he says, where's the plug for the fax line? And
in our kitchen we have two plugs, one for the phone line which was alive,
and one for the fax line which was dead. So he immediately injects his tool
into the fax line and Mission Control's calling me and they hear, whoo,
whoo, whoo ,anaudibley. So I said, could you pull it out, please? He says,
\\k\ot to worry. You've got a few minutes before the phone call." T said this is
a very important call.

So finally he pulls it out. It's now five or six minutes after 11 and Laurie
Boeder who is the head of Public Affairs, came to my house so she could
Tnew -Graudible) just to see what was going on. And by this point in time the

tears are just falling down my cheeks, it's so funny. And I didn't want to
tell him because I felt he wouldn't believe it. So, he says, I'll tell you what.
If you don't want me to work in the house I'll go to the switchboard
outside) (inaudible) and I said, please don't. So it's now 9 minutes after 11,
we're all getting kind of nervous, so I said, here look, why don't you sit on
this couch next to Laurie? And I turned on the TV and there are the

e
astronauts floating arounc} \'ﬁa?alln different flags, and he still doesn't get it.

( \o.;.xg)\\nrv
So I said, I'm going to talk to space. He rolls his eyes? And then he hears
my voice coming through the TV. The guy about died.,”And it was really an
historic event because we sent the shuttle up to a Russian space station, we
had a Russian on board, a German on board, we had a Canadian on board,
) : and the Americans. I mean, this was almost a representation of all the

aal people%-abevc} the space station. The only people that weren't represented
were, gmms. | mean, it was really an historic mission.
all
And T was still tnaudible)tmean——was—stit-saese wrapped up in the

mission. I didn't appreciate this until, you know, I thought about it
afterwards. And then he listened to it and I mean, this man £inaudible) W®? ‘3\"@&%
TV. And when it ended I said, what did you think of it? And he said, you e
know what? Space is what's about my children's future. Those were the
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only words that he could get out of his mouth. And here's someone who's

relatively uneducated, new to this country, but he understood the
criticality of space in the future of his children.  The connection was right

th@

7And sometimes when you're inside the beltway and you listen to the
cynicism that comes out, you don't appreciate that America wants to open
the space frontier, @eople on this planet want to open‘)ﬁgspace frontier, and
they're sick and tired of bureaucracy getting in the way.

And after that experience, all of a sudden there was an unbelievable sizzle
that took place. Galileo got to Jupiter. I mean, if you think about the
probability of that happenings=~the Perils of Pauline,~d&nd then the miracle
of the incredible brains of the people that designed that mission, it's
breathtaking. You know, the margin for error, assuming everything
worked, was so unbelievably low, that you ask yourself, how did it
happen? And then shortly thereafter, I furned on the TV and there's an

£eep «lé:ield Galax‘;.a And +-mesan, as
excited as could be)(-i-n-a&di-b-}e} as excited as anything happening in, you
know, Bosnia, in Haiti, over the budget.

excited newscaster showing a picture of

And then I had the opportunity to talk before the American Astronomical
Society a few weeks ago in San Antonio. And I was going to talk about
origins, and even though we're talking about humans in space I'm going to
talk about the origins-a‘?prg%prﬁ{e today aad_put it in context. And before
I give a talk I like to, if I have an opportunity, talk to some scientists

. . . . & lor
involved, so I had dinner with a number of scientists. Jeff-Messey S
there and Alan Dressler -- a whole bunch of people. And I was all excited
about talkinéa‘%gout taterig about—my @jects, and halfway through the

. ot Hlomrey M .
conversation Jim-Maessey- says to me,"Po you know what I'm going to talk
about tomorrow?" And I said, no. And he whipped out this data showing

he had found two planets circling stars within 35 light years&@ Eoiha .

I mean. LE c“o_uldn‘t believe what 1 was looking at. And }hese planets were
in the@uz-z%é life zone,@naudible) @And I'll talk about/‘}‘ti-ﬁa-udi-ble) [ want to
define that a little later. So, if you think about it, #§ if we can pick a time
in history, all of history, you say, when do I want to be alive and when do
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I want to be there? It's in 1996 and '97. 1 don't know if you realize
what's about to happen. We are finally getting a chance to open the space
frontier, Gnavdible) How, there's some things we've got to fix, but you
know, you talk to some of these people, they say hey, wait till you see
what I'm going to show you next.

This is unbelievable. It's the type of thmg that &neudtede) they want to
put #& on Nightline. So instead of Worrx3about the budget, why eu—lnow,
we can't work as Democrats and Republicans, as Americans together, here
is something that's definitely superior to this whole thing. But we're not
stopping. We have resources up there, we have r Qurces on the ground.
Next week we're launchln?wﬁéq@wacm \\;V‘?started on it three years
ago. We didn't debate it. We just started the program and we're building
it, we're launching it on the 15 February, and it's -sssm going out to an
asteroid, and it's going to gesswéo orbit 20 miles above that asteroid and
we;g gg@ﬂg/ to learn almost everythmgwgfg to learn. 1 know Jehm Gewne

still needs some more data, and I'm sure we'll find some more
missions for Gene.

And then this summer we're going to launch the Mars Global Surveyor and
the Mars Pathfinder. Three years, Half the price of one Mars Observer)

which disappeared. Ev&;;gyl hm I go back to California they say, have you
found Mars Observer yet? % roigec?/n '98. ant to Sgr_e

WY
if there's water!: alu b?k water anywhere W

A Cagsini 15,

1

in the solar system. : being launched earlier than we initially
projected. Close to a billion dollars less Juoney. That's why we launched in
October '97. No launch start (inaudible) Gae-x-d‘-;\ 'is going to go to Saturn
(inaudible).

We just started a program, I think a month ago. It's called Stardust. We're

going to go out and collect dust from comets and then separately collect

intergalactic dust. And E&‘E—"t% samples are coming back to earth. We're

going to launch that spacecraft &&afd-x-bl%‘w/e just started it. What if we
sMe\w

find some building-block of life 1n )\/hat else might we find?

And then in the summer of '98 we're going to launch Deep Space One. 1
made up the name.y I didn't know what else to call it. Kind of feels good.

((%@5
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We are going, for the first time after 30 years of development, utilize

electric proplﬁsion. Absolutely crucial for the exploration of space, Keal
@ advanced sensors are going to rendezvous with a whole bunch of small

bodies. And then, Mars,In '98, launch a global surveyor, Mars Lander IL

And maybe even Mars Penetrator I.Then wesnt $& get to 25300 Deep Space

II. This is going to be the first experiment in %a-mme&uc. techniques in
space basé\ upon work we're domg\,w&hs@md_gﬂm .

W“N*\\ uCk‘.z—.'J oNn HM’\' PCL\.QW I o ettt W et WO o — = = =T
Inerle rpmodas,
We thought the problem was going to mea&,,a ogg—léng netw orks and the

ﬁ%trology, knowing where things are,
and having pointing accuracies of a +,ﬁaCt &gtii a micro-Sifsecond. That's ‘ ales
not the problem.-a-l-t-heu-g-h—we—éowt-*krmw what the rest of the problem 1s/

But these are on the books, and we've put them on the books even though

the NASA budget's coming down Someone there in the press conference

said, NASAS coming apart I don't understand.‘ I just don't understand,
because people in the past measured the vitality of NASA by the dollars

going in, by how big an 3_‘§a ization they had, by how much paperwork

they had, and how to (-maudﬁe—)—by the bureaucrats in Washington, how

much punishment could they inflict on the nation?

I'm proud to say our budget has come down. We started 25 new programs
with 20,000 less people in this great government. And there's going to be
another 35,000 less. An\,dbl feel on a human basis, that this is a vital and
alive program. (#pe-}io>1s going to be P there, and next year, just about a
year from today, we're going to put 1n uv spectl_if)meter and we're going to
put a nW—*IR imaging spectrometer. Think, AsWhat's going to come out of
Hub@ Ari\d it's not going to be done w1thout people. They're going to be
astronauts 40 do it, apd I'm proud d?) say there are going to be astronauts.
And we're working Atln:eu-gh the KECKFoundation; a#d we're helping build
KEC}{II and this May we're going to dedicate it and we're going to start
getting first Ihght in October of this year.

. Loe
And then with the d&a from the Mount Palomar intererometer we're
QW
e going to update the formin at the KECKObservatory in Hawaii. And

YOy
when they get the—%@mﬁr—xc measurements we'll begin to get some sense

__— about extra—solar{Aef——va-l-&a-b}e——l}gh-t and hopefully we'll detect = directly
™



from the grounds-a whole bunch of W -érn:au:d?ﬁej' And again we'll
move forward. And then we're going to study the earth's environment.
We're going launch the Lewis Spacecraft, the Clark Spacecraft, the TRNM
Spacecraft, Top@{ # follow-on.

I noticed our French friends here. EOS,\M-I EOS"M Landsat, Sea Star.
These are all going to hgepen and starting in '99, every year we're going
to launch a new earth smen—c—e\A =y~ So it's amazing that for less
money things are happening. We intend to open the space frontier, not to
provide jobs forwp“ggpl‘%% to provide jobs for bureaucrats and not to
provides jobs for bureaucrats in universities. Perish the thought. They're
there too, 'cause they're not just in the government. We want people to
work with us who want to open up the space frontier. This is not just

intellectual. It touches the human spirit.

Q‘Q‘T\ LR

I took with me two iSSLlCSA-(—i—ﬂﬁ‘;;g{‘B) I mean, I read lots of publications. I
could take bunches of them, Graudible) But look, here's Time Magazine.
The cover of Time Magazine. Not about death and killing. It says, 'Is
anybody out there? How the discovery of two planets brings us closer to
solving the most profound mystery in the cosmos'. This says there's more
to life than survivalz-that as human beings we need intellectual
nourishment as much as we need food, as much as we need s elter And
M—“&"-%—\\NQ
it's built-in to our culture.  And even mor%( stEnmng, this 1s (ma-trd'rb‘}c)

#hte=ts December of '95. It

says, 'Evolution's Big Bang'. If you haven't read about it in either this or

don't have my reading glasses on, but I thin

any of the scientific journals, there'§e been some new f1nd1ngs/ “That in a 10-
million-year period, about a half- 11110n LJears ago, it seems everything
happened. We went from # single-ce to a; ost complex structuré Ope—
And if we have a sample of one planet earth, I'm not sure we'll sure we'll
ever be able to answer why. And for that reason alone, and I'll talk about
many others) we need to explore.

So we shouldn't worry about just the day-to-day things because they'll get
taken care of, believe me. We have 535 people in Washington worrying
about thez day-to-day act1v1ty What we have to do as scientists and
engineers is think beyond the next fiscal year, beyond the next quarter,
mé y M y q

iw

' 20 or 30 years out, so that Bell Atlantic technician is
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assured that his child will have a real future. This is what drives me. I

mean, every day I have to pinch myself and say, oh God, look at the job
you've got What a privilege that the President of the United States lets
you to ge—to 4v‘&‘/)ork each day. And each day I say, whew, I made it through
another day. He may decide not to. And that's been known to happen.

So what E e to do is have some unifying vision, and that vision isn't,

A let's run,
asking some fundamental questions and seeing how we tie science and

or the planet we could go to. We have to think about

commerce together. And commerce is not a dirty word at NASA, because
science, technology and commerce are absolutely integrally aligned. And

some of the feedback the American pubhc gets from the space program

the improvement in the quality of llfes-g-we-r-l the technologies we -h-&‘b‘e\bk&f{‘a"q
tedey. But the real payback is going to be when, > the open the space

frontier and make it part of our economic system. And that will be as far

away as we allow them.

So I'm here today to pose questions, tie issues together, to explore issues,

set goals, and talk about how we're setting some thresholds. What [ will

not do today is announce a disconnected feel=good mission. And 1

remember on the 25th anniversary of_the celebratiop of Apollo, there was ,

an unbelievable pressure sade—there, (maud—rb’re) i1s NASA or the President “@\D"'y
2%¢ going to announce we're going to Mars?" Absolutely not. That would

have been the wrong thing. Because then we'll be back #eem, where we

were. We had this organic shuttle program. Now, [ don't want to be
demeaning to the people that worked on the shuttle, but the shuttle has
suppressed a lot of science that we could be doing. There's no reason we
shouldn't have been doing these things 10, 20 years ago. So we have to
fight the temptation of getting an organic feel-good program that could
destroy the integration of what we're trying to do.

Before I talk about this, Id like to thank a number of people I consulted
w1th Harry Holloway, We Huntress, N2SA& Sam Maneria, NASA Jeff PLac1a

sebnake” P=o
qm‘BaHa d. _P‘t\zil&(f(c_i)to Gene %&eﬁrﬁfw at the Galileo Peﬂem

, Mike Myer, -Graudible). [ picked everybody's
brain, and [ tried to syntheojie some of the thoughts that people have,

because no one person has, trétvidaal- wisdom.
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What I tried to do here is list what I consider to be three fundamental,
interconnected questions that we have to answer. They're multi-
disciplinary questions. It's not about a spectrum or a mission, it's about
answering the fundamental anliiig‘iv(\)?s)(-i-nﬁﬁd—i-b}e} because the American
public doesn't know what a *kesemi is, but +hat know what fundamental
questions are.

First, where do galaxies, stars and planetary bodies come from? How io
they evolve? Two, are there other places that had an environment, and in
the broader sense of the word, have an environment or might have an
environment hospitz}kle to life and/or commerce? Three, i1s life of any form
unique to planet earth? And [ think this is what tiaeudibley this is the fine
line, I was trying to get at,, and thaBI think, is what turns people on. So

5{ek #H8 is not a program [l talk about today, fmandieled not a discipline, not
an agency, not a specific date, but @n integrated, multi—disciplinaewt-i\,j techno-
logical, cultural and economic quest.

We are interested in sustained presence in the solar system. We are not
interested in rushing off to Mars, spending tens of billions or hundreds of
billions of dollars and stopping the scientific pursuit so a few people can
feel good and a couple of companies will get big contracts. That's not what
we're going to do.

Now, to amrswer—~ttRatdtble) attempt to answer these questions, we could
perform the following task. And again, I think this has be decided by the
people in this room, scientists and engineers around the world, and I'm
only proposing these as a starting point and I hope they'll stimulate dis-
cussion. First, survey space to search for and analyze the earliest formfcd ol
galaxies. Two, search for and analyze stars and planetary systems in the
process of forming. Three, search for and analyze extra-solar planetary
systems in our neighborhood. And our neighborhood is defined as, as far
as the aided eye can see. And right now it can't see very far. It's blurry.
We now are myopic.‘:%msearch for and analyze planetary bodies that were,
are , or could be, habitable and/or could have resources of economic
interest.
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“w&) Search for resources and/or signs of life including alternate life forms that

we don't even know about. We just found some alternatfee life forms at
the bottom of the ocean that don't operate the way other life forms
operate, and if we can have it on our planet, by God, we could have it on
others/f-l—ﬂ our own solar systemg which we have yet to go, -t.bs!a:u-g'h and
appropriately explore} Six, attempt to determine some of the factors
controlling the origin and fate of the universe and our solar system.
Everyone wants to know.

And it brings to mind a story. I went to my daughters’ school when they

were in ele entary school, and 1 talked about the solar system, the sun,

planets and;%\-;;é-i-b-leﬁ planet positions, and then I made the mistake of

telling these 9-year-old children, tck%at t \§un's going to burn out in five

billion years. They got hysterical. , But these children were giving an

honest emotion. iThink about our own feelings as adults% So these are not W
insignificant questions.

And finally, and most importantly, to benefit people in America and on the
planet from the richness of the findings and technologies (raudible). And

witw
you cantdg +tlsns,m a single point program like Apollo. You carfldo this with { =

a Sprmt)- %ha-t—s——a—(—ma-&drb-}e) and demands revolutionary change, not
evolutionary change. Let me give you an example.

The Hublﬁi‘ Space Telescope. I love it. Six billion dollar life cycle.
Unconscionable. m 25,000 pounds. It costs us a quarter of a é
billion dollars a year, finaudibte) It's getting great results, but at what cost?

And we have to get into more of a cost/benefit analysis. So I challenge Yyow —
GamrddsiR). and I'l1l talk about it later (amdabi-c-)%people in this room and

people across the nation {-m-a-uérb‘iﬁ‘% I'll talk about how I think you can

get, thts Avithout being specific. We needeé more than an order of

magnitude reduction in weight. We needed at least a factor of 20

reduction in £e&-f(:— And we needed at least a factor of two, ep%ee—{-ev\

Fedwes tl_ygusme of that telescope And that technology needs to be

developed k We could do it.
People out on the west coast {inaudible) in fact, I saw Roger Angel here.

Roger tells me he can do it {inaudibley He's a little too heavy, but he can get
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it down a little bit. So everything is connected, and new relationships s \-\roean

& industry and academia and government and the American people,~"
have to take place. The Apollo era is gone. America spent five percent
—(inauditter—five=percent of its budget to go to the moon because we had to
beat the Russians, and that was the right answer. Our budget is now nine-
tenths of one percent. So I will fight anyone -t—hzrt:’wants to rush forward
for a feel=good mission to the moon, that doesn't have revolutionary
technology , Graudible) Wot for the technology sake, but Cg&}lﬁiedgcgrders of
magnitude of reduction in costf, so we get the -ees@éem-ﬁheﬂratio -- sO
industry could ngin to think about getting involved. So 20th Century
thinking is out,‘2lst Century thinking is in.

) 1 s',le.:\'
~}>KN0W, if you take a look at NASA, a G-_;.*_ﬂﬁ revolution happened, tthaudtbie) [
think we could go, and I don't think anyone would notice it, t(raudible)
NASA is no longer an object-oriented program. We no longer have a Space
Ms;’-géiﬁisvision to serve the space physics people in the university system.
We no longer have a planetary division that has a community that needs
so many hundred million dollars a year. We no longer have an astro-
physics division. We have intellectual leadership at headquarters based
upon questions that need to be answered, and multiple disciplines. We no
longer organize ourselves around wavelengths. We no longer feel
constituent-oriented, the people who go to the Congress and have to have a
specific level of budget so that they don't have to lay people off.
aﬁ;e@(l,‘a@f\vw.
Now, I don't \:vlja)nt,‘&%%ge\. We've got to be dominated by work that's %
outiianding, and the work cannot be subsidized by the American people
thaf, provide stability in laboratories. Your work's got tq make it through
free-flowing peer review research, and not {inaudiblej, from the Congress.
And this has hurt the NASA program. Nobody's bad, but sit in my office
sometime and you'd throw up from the calls you get from the Hill,
tinaudible) @ood people on the Hill, because people are trying to maintain
2 W e .
the status quo, and’ ) is bound together and determined, never

again.

So, we have a shared vision. We're going to look at the planetary system,
not as planets in our solar system. We're going to look at ewf planetary
system as every possible planet that we can see with the aided eye. And
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we intend to do relative planetology. We intend to get ground;esews from
what we can see with robots in our solar system simaudible) wi-t-ﬁh’what we

. us w .
can see, where appropriate, e, people, ueat walk on planets in our solar
system, or we can see remotely in nearby suns.

So what we have done is, we have taken the program responsibility away

ff‘o NASA eadquarters &Alts r;e it's finished, \i;s& done. We™e actually
A@n&ﬁl&{ﬁ%&\—dﬂe vicwe s 1dentified ,new Field sensor's Coudex

,o'e‘v-(

Y-

functions, and we're out of command and contro_l
Poatrel e tralls
inaudible) Mo longer will people@eﬂﬁe}—ﬂae—ho}drthm NASA’had—a{-

Headquarters, looking for hot dog stands. We're shutting down every
scientific hot dog stand, and everything must be related to the strategic
plan for NASA, and everything must be related to answering basic
questions.

And we re open. We want the scientific community to come back at us and

say, we¢ don't think the questions should be this way, they might be that

way.‘I But we're communicating with the American pubhc)(-m»a-u-drb'le-)—from—
online on the Internet=we get an unbelievable amount of hits;-and we want

to work together. We've got to close all these hot dog stands because as

our budget comes down, it's not allowing us the kinds of research that

need to be done. So for our part, Headquarters will no longer be meagsure

in multiple thousands of people, it's going to be measured in o og?“@&

wthat—people—use. Good people are going to go to the Centers, and good
people may no longer be with the Agency.

I don't want you to feel there are bad people, but this is a fundamental
change in the seascape. Headquarters will determine the what and why,
éente{ 115 dﬁ}f}*mlne the how. We will not usurp the responsibility of
the directors. Engineering is going to be short-cycle “<me,
Graudible) As a general principle by exception, we won't start programs

beyond three years from the start to launch, unless there's some real
compelling reason. We'll demand that all the technology get done in

V‘D

advance. You could have experlmentalpﬂum Qp could cgsh\_%; |
it

planes, you could do whatever you want. ©nes, yo ‘start wﬁh—-eﬂe-s you
finish, unless there's some rule} of phy51cs Ehat saygt have to, three years.

start new things every year, and that's howA  do it."3We will have a A

Lmoar’;% Mwmﬁwwu&—o‘% W’M’\‘MM/A’%
Beconst 1o, gz oming Ao o W5k cven qething
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technology pipeline. In the past, every program had to have their own

technology, and now we're setting up the technology pipeline for launch,
setting up the technologies pipeline for spacecr%’,f{t_, and we're not going to
fund technology on a hot-dog stand basis. :Fhey-A aﬁr‘lbe covered (inaudible)
based on (inaudible).

And it brings to mind a question a young engineer asked me,fhaFwW
job/ maybe about three or four days. And this young engineer said to me,
“Mr. Goldin, I have a problem. I found a new device that no one will fly. I
go to the program managers and they say, has it flown before? And he
says no, so they say to me with a pat on the head and the back, go away
young fella. Go get 1t %and then I'll fly it. * You know, how is a Catch-
227 Well, we are nowﬁse-néﬂ-g up a series of spacecraft that are going to
be technology directed,so we can test these new technologies out so when
we go into the missions, we don't have to have risks.

This is the concep‘g aggv(.it \Ill tell zggﬂ&&gt to thank one person in this
room here, Jerry . arly in my tenure he talked to me about
this experimental concept and a number of others. Really competitive
things, and 1 probably (inaudible) . So we now have the tools, we now
have the approach, and now we have the planetary approach that's weswe
broadened 8- Ow'r

So how do we go at it? I propose that you consider that there be four
phases to planetary exploration. [I'll call Phase 1 Roboticg precursors.  This
is where you can throw flyby, orbiters, landers, rovers, sample-return
devices, to kind of scout the land. To find the places that have some real
potential. Phase two would be Iﬁitial Human Exploration. That first few
flights,Gnaudibley YOU don't have to plan it for a whole long series. Just
the first few flights.

Then as you get more data tn—the—you—know, the cost benefit ration starts
getting better,,,
resources appears, and ag t{le cost goes down that ratio is really sharp.

You then go to ﬂn@érb-}eé—#-t-he Exploration. And then finally, you go over
the threshold, to phase four, Sustained Human Presence. Yemeé.I think we
need to think about these different thresholds because we mix our

the potential for scientific resources or commercial
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metaphors. When we talk about missions~ﬁm&d%-1'c')“l‘}ey, I want to go to
Mars:-— Wty what #se people generally say is, give me the price for that
first flight. And that's unfair to the President and that's unfair to the
Congress and that's unfair to the American people. And these phases have
a hierarchy. It's a resolution of spa‘éial, temporal, spectral, analytical, and
adaptability to tools.

Let's take a look at them. The lowest spagial resolution, the lowest
-ss-gei-&l-i-zed- resolution is going to bm telescopes on the ground. We've

done it for centuries. And the first big leap is to take the telescopes 832_ the
ground and #® put them into space, thea get rid of —ye&r—~adap%efs i
Ultimately, the telescope's going to have to leave earth's orbit. We're going

to have to put the telescope out at about 5 au's, so we get rid of thie zodiacal
light, if we ever want to look at planetary systems around nearby stars.

And then you get better resolution by going through a fly_b-gze{udi-b-le-),, and
that's what we did with Mariner II to Venus. And it opened up our eyes.
Then we orbited the moon, the lunar orbiter in the Mariner series. And
then we landed the Surveyor and Viking. I mean, that was it. We haven't
landed on %0%1339@ for 20 years now because we've been so excited about
the service awasd contracts on the shuttle that we're not doing science.
We spend $10 Billion on the space station and didn't produce‘ a piece of
hardware, but boy, did the contractors have fun.

; ]
It is shameful; that, stealing from the American public)-éi-na&éi-ba}eé and these
are good people,-tinaudibte) but we have a bad system and we've got to
wipe out this bad system. And we're getting there. We've made
tremendous progress. And then after we land in fixed positions, we've got
to roll We re not going to wait two more decades to roll. Within days of
the ~t1md that the Mars Orbiter was lost, we started the Mars Pathfinder. At
one-quarter the cost, we're gong_tO land a %&gr on that planet that could
move et around without command, (tRaudible). We say, go from here to
there, it will figure out where the rocks are and will go around the rocks.
It has its own eyes and it hasm'(-iﬂa-u-d-i.bleé-l don't want to say a brain, but it
has a reasoning capability, and that whole rover may have cost $10
Million. Maybe 15. It didn't cost a good fraction of a Billion dollars. And
they're building the whole thing in three years, and if they launch it fee—to
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Mars and it doesn't work, I'm going to hug that team for having the

courage to do it, because ﬁlﬁyfwant people to take risks. Spacecraft are
less expensive, and we could afford failure because we've got to push the
technology in these areas.

And then afif,r we rove we bring back samples, cl)r we can put an ipstant
:l-ab—pfe{ee&re%ﬁeh That trade

isn't very clear to me. I think it will probably make sense to bring the

new lab en, 2" there like we had the Viking biology

samples back so we don't have to miniaturize a chemical and physical lab
(inaudible). So Stardust is our first sample return, and we don't have to
wait until the middle of the first decade in the next Century to do it. And
then clearly, you've got to put people on the surface when we find out that
we exceed the threshold of the costfbenefit ratio.

Lonav Exeorsuw Hodulo |
Apollo was enabled by the te\ hnology of Saturnuand the numeseus—

. CaNSm, 20 ol alaed,
(maud%. Jack Schmidt found actlveA%ud%}a. Now people say to me,
* M}Why don't we send rovers? Why don't we sent robots to do this
work?" To which I respond, the mlnute you show me a robot that roves the
earth doing Hnaudibte) geophysics, -ee the very moment ['ll send a robot, at
you-kpewy, 10,000 times the price, and put it up on a planet. It doesn't
have cognitive ability yet, it doesn't have versatility yet, it doesn't have
manual dexterity yet, and it doesn't have adaptability yet. Now, maybe
when some of these robots come into being, we won't need people for that
aspect, but we still need the cultural aspect. And people are going to

inhabit other planets at some time, I don't know when, and it won't just be

bl .
robots, it won't just berv(;}a-a-ud-i-b-l-cﬁ-.—

So the challenge is to figure out what are these cost/ benefit thresholds

between Phase I and Phase II, Phase II and Phase III, Phase III and Phase

IV. And it could be scientific, it could be economic, and it could be cultural.

And 1 say, we d‘ould not ignore it. I'm not saying overplay it, I didn't say)Cmonds uéb
ewesdo it for money, but if there's a commercial benefit or scientific

benefit, people of the United States or people around the world are going

to pick up the bill, and y%%‘ve got to factor in communications that do not

put science into a black hol@.

And I want to tell you, we've made very little progress since I begged this
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organization a year ago, to get the scientists to start communicating with

the American people. We haven't made progress. I've probably been in
20 or 30 cmes since 1 gave that speech and people are still saying to me,
I'm not seeing .(-ma-&d1-b~1-e)~ You need to do better, I need to do better, we
need to do better.

Now, let's take a look at some of these scientific benefits. And again, you o com
can make your own list, but I've made mine and I'm speaking ém-&&etrb-}e)-b\
decide whether you like it or not. First, and probably one of the most
compelling, are there present or past forms of life at any level. If we could
find a fossilized, singular-cell life, it would change a lot about how we
think of ourselves. How is the planet structured and how did it evolve and
what are the implications to the earth's evolution or general theory of
evolution of the earth? Can we unray the body's climagtic history and
environmental history so we can better 'ogr model for the climatic
understanding, because when you start doing climagtic experiments you

TS5

need a laboratory thpe size of a pl%ft ou.cant g&t{\iople of these

aaudible) performanceA of planets Gaaudible)

From an economic standpoint, the most compelling issue is, can you find
resources to live off the land? And in fact, if you ever want to get to Phase
II from Phase I, you must have that, because it's going to be too expensive,
s Bob Zubrin points out, the load-down of spacecraft with all the

breathing %.e,a-r-s all the fuel to go there, to stay there and come back. So I
would say it is my intuitive feeling that you almost have to say finding
resources to live off the land has to be a condition to go from Phase I to
Phase II.

Second point on the economy is, are there natural resources, in the
broadest sense, of economic value? Are they env1r0nmenﬁ'o"cond1t10ns
conducive to manufacture of high value products, becgu‘s? ok t ATTIE
environment that you have there thei gives you unique, e&t—e&é

performance better than what we have on earth. And there are a whole

variety of parameters, (inaudible). And maybe, just maybe, &&a&d—rb—l-e-)‘revv\b%a—«s)
haxe- (inaudible)‘reality.

Now, when you think about geological fieldwork, and you look at this
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article in Time Magazine, you know, the geologists made, tinaudtbte) the

paleontologists made a trade. They took a look at Landsat pictures...
perhap&(—i—naa—d—i-b—le&l didn't get into their brain, naudible) they took a
look at other things, and they saw there's some places in Australia that
offered some promise. Did they send a robot to Australia? No, it was a cost/
benefit to get a plane ticket and rent a car to go to the site themselves.

And they went to this. In other cases it made more sense to send a robot,
so when they went to the bottom of the ocean to make some of those
measurements, they sent a robot.

And this is okay. You don't have to have robots and you don't have to

have people. But you do this horse trade so that it makes sense, and then

you proceed forward instead of making macho statements saying,“ I'm

going to go, follow me.! That's what happened with ; t i ible)
President Bush genuinely believed this was the right thing to do and to me,

NASA let him down. We led him down the garden path because we didn't

tell him how much. How much was a quarter to a half trillion dollars

measured over 30 years? You know, it dims the light on the gross domestic (va&wi&
“dnaudible). This is not the way to do space science. So we need to really

think through this cost/benefit analysis.

Now, let me define what I mean by the life zone, because I know there are
those who say the only place to go is Mars. It may be the only place to go,
but if you think about -tha-t“;&me definition of the life zone is in the broader
sense, I think we may open up our minds. The life zone is not the range of
distances between the sun, where conventional thought says that water
will be stable.., And-—we—,——-yeu—-lmgi;%ﬁ won‘tboilri&: won't%. It's much
more encompassing. It's a multidimensional space of temperature,
pressure, composition and time, in which conditions necessary for life
could, does or did, occur. Very important to think about that.

So the robots have begun to explore what that life zone is in our solar
system ,and they'll define the lifem they've begun to define & life
zone in another solar system jdnaudibtey. The earth, we can go down to
Antarctica ~Gaeadibley. Chris McKay is here, he's done that. It helped us to
figure out where to go on the Viking, except the data came two months
after we launched it, so we went to the wrong place to search for life. You
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know, we look at the deep oceans and we see other characteristics and we

look at Australia. Now, Mars looks like a place that might be right, and we
all know, tineudibtey most of us know the arguments about Mars:
-Gaeudibleytmight enough water, comets and asteroids could have landed
there with the building-blocks of life, there are dry lake beds. There are
all the conditions conducive that life could have or might exist.

And we're going to begin to get a sense about that. But we have to look at
complex environments—tad; interplay with geological processes, chemical
processes, physical processes, biological processes, and a whole host of
transport processes. And these are the things that produce the conditions
we can't always predict or imagine.

\ owne.
Now, let me pick a wild and crazy (inaudible) Jn the summer of this year
we fly byEUropa. First blush from Voyager says,-ah, it had these cracks
that come and go. Maybe the ice is healing itself. And then when you take
a look at it, the gravitational pull could be putting enough energy into the
core of this body that we might have an e‘lr}’i{gy m And then if you
look at the density, looks just like a Mk‘And that has building
blocks of life. So if you look down to the earth's ocean's floor, in the
deepest channels on earth, maybe we might find the kind of life there that

might be on er'% Who knows?%

C}But I certainly keep an open mind and when we think about where we're
going to go next, I have deep respect for what I don't know about. But
who knows, it might have a IO-kilometerjt/hiqk ice crust, on a 100- @
0,

kilometer<deep ocean. Who knows? CVenus, maybe billions of years ag
. . . T tHleen.
could have been in the hfg_gone. Today it's not. vaem./\ What if the @
Lunar Prospect finds ice @Gaaudible> South Pole. Who Knows? I want to
tell you, there's going to be one beeline for the moon. All sort of
AR ¥

Cess
ibilities. M Titan#G t onge it'i therg in '97. And as Gene
pOS:éBthleS 2'1ybe i "gl-ﬂaﬁd:l-b‘l'e)“. G  the; _ el
points out, water asteroids. There

A
could be a wealth of possibilities in those asteroids.

And then, not only do we have_\_&he possibility of life, but we have the

v 9
possibility for some ground‘eféws. Think about %r%? and think about the
moons that might exist around these planets that we just have found.
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What if we get some ground” erews? We have to understand life here and
be open and imaginative. Let me just give you one little speculation. Let's
say we find an earth-sized, blue-green planet. You say ah, we found life.
What if we found a blue-purple planet? Should we stop? Maybe we've
got photosynthesis from rhodopsin, and maybe life might be the same,
except it's rhodopsin instead of chlorophyll. So we have to keep open
minds.

So the possibilities are great but there are limits to what we can do. The WA
“WNatiosal budget's coming down, and before we can even think of stepping
foot off this planet, we have got to fix, the festering, nagging, shameful

. ) i \awnch yehicles”
problem that we have in this country inaudible). ['m embarrassed, I am
part of the problem. I feel we have not served our country well, yet every
time we go forward with a pnew launcB vehicle, the scientists are worried
about their programs. ¥—you—tett—yeus scientists,that unless we have a
launch vehicle there will be no scienceg~that étA can no longer afford $10,000

b4
to $20,000 a pound.

And I testified under oath before the Congress that the highest priority for
2

them—to start at NASA, was to fix this and go on to a different problem.

Even if the budget comes down, we will ¢ancel programs, Wever again are

we going to pay t?e He we paid.M old ballistic missiles that
my company systerﬁiengineered in the fifties. I'm embarrassed for our
country. Good people have been living with the status quo, and if this

doesn't changﬁ; we can talk all we want about space, we can talk all we
Andecdareetny |

want about / we can talk all we want about instrumentation,
N S 1o lawmcts oohicles. ) ) .
, we, have, taaudtbte). Ancl it's not going t%‘gappen with an organic
e av . . Ty . .
program. Let's throw $10 Billion 1 it. ~Se—(-rrra-ud-1-b‘-le);g“httle, build a little, -

. n ! .
test a little. I'm going to keep the program & small“ size so no one will get

rich immediately. The place to get rich is after you figure out how to do it

4a an order of magnitude of less money./\KAfter you get into that shuttle,
A (:a.v\cQ»O 1

a&arﬁ two minutes there's nothing we can do, All inauditte) baif out.
Gt oshvamants

But we've got to be honest with the American public and not deceive the 3

American public that they're getting something that they're not getting.

They can no longer afford billions of dollars a year with tens of thousands

of people hugging the shuttle. There are some people who think the
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shuttle is the ends, not the means of the program at NASA. Now, it's a
wonderful machine and we're going to make that machine as safe as
. o a5cowct i
humanly possible. In fact, the reliability on NASA—end—en the last three
years has (inaudible) because we invested money to make it that way so

the astronauts would have more confidence getting in.

But there are those who think they're going to keep the shuttle program

alive to the year 2025, and I want to tell you, they're whistling Dixie.

Unfortunaﬁs\ﬁlz, thishgrew is in agreement. Come to an AIAA meeting and

you'll see ible}. I mean, we are taking money from science and

putting it into bureaucracy. Where is it said you need 20,000 people to

build a launch vehicle? But given @?Kﬁi‘?& I'm proud that we have a safer
b e}. This money helps fuel

(inaudible). So that's the first item on my list, and probably the second,

vehicle &-t a million dollars (inaudi

third, fourth, fifth and sixth. That's the only way we'll leave this planet.
That's the only way we can do a mission like (inaudible).

Then we have to, second, figure out how people could live more safely and
efficiently and productively in space. You can't -pasat, people in a 1-g
environment and throw them into cosmic solar radiation, zero gravity, and
say have a nice day. There are fundamentals of life science that have to be
undertaken, and this is where we as an Agency, must nod to the medical
. . . . . . CoMmMINITES | .
science, life science, biotech (inaudible) all the eosmpuaters in this country.
NASA will no longer be about rocket boosters when we ﬁi that trouble.
NASA's going to be about life sciences, about how to hermettealdy select %eogm‘geci’
. A ) Hoves,. ) L, COTANTC .
;@%@Gﬂc solar,\-(-ma-ud-rb-l-e,——(-macrdtbl-s;‘radlat1on, life support.
How do you control microbial elements for two, three yearsg=]Its a very
small environmentg.~without getting a Legionnaire's disease. But if you get

Legionnaire's disease, what do ygu‘l do? ‘»How do you make a personal life
c2Lnt

support system? A space suit’\,(-rﬂaﬁd-ib}e%-}t- cost $10 Million. It costs,—~yeu
~enow, _a good fraction of a million dollars every time you use it. The object

of the EVA suit is not to make people wealthy or give them jobs. The
object is to protect the vehicle activity.

Microgravity affects the heart, the muscles, the bones, the immune system,
the nervous system. By studying how to get countermeasures to them,
we'§l better understand human physiology so we can enhance the quality
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of life on the earth. We need new concepts in medical care. You know, on

Apollo we invented intensive care monitoring, and some of the people in
this room have had to have these little battery packs you carry around.
Just about this big, looks like a transistor radio. We intend to put that on a
microchip that you can't even see, using nano-technology. And in fact,
right now some of this technology is being used at the University of San
Francisco to put implants into children that are still in their mother's
womb so you can monitor their vital signs (inaudib‘rg). SgWﬁot in the
futurg. It's here. Chemlca}l‘surg select and inducAe resistance to illness.
€attmedical Support, 1T1ese are going to be done in the space
statfon and ground support.

This is science, this is important science. We have to figure out to make
robots and how to integrate them with humans. We are on a path to
develop robots that think, see, hear, touch, smell, speak, talk, perform
mechanical operations. Right now we robotics assistants. By the time we
get done with the space station we 1ntend to have robotic§ surrogates
(inaudible). And we'H go 1leixto testmg in space. When we put the
astronauts in space they're not going to do into space w1th A400-pound
space suits and at least 10,000 hours of‘(-maud-rblv}

Third, we n_?oed tools tow g{{gduce higher resolution spa‘tlal spictral
chemical, and, life cycle of—eotirse, science space-baseels%a{-reﬂs And here is
the concern. Let me use the Hubbgl space telescope as an example.

Hubbgl' is as safe as eve ovger telescope we've put in space. Because
we've built telescopes (mg,udlble) &wke huge pieces of heavy glass) W
said uh-huh, when we bu1]§ a space'ﬁ%&b&e—) telescope we'll do the s’ﬁ
thing. And then on the %I;ggnd becweiy ofwlty, we need an ultra-stiff
structure. I mean, . So we made this thing so darned
stiff that you don't have to worry about any problem.

So then what we do is, we take the same technology and we try to put it on
a launch vehicle. And so we get a $6 Billion, 25,000 pound wonderful
Hubbdl' telescope. What we need to thmk about and_ will open our mind,

" \ocows .
instead of rigid trusses, get the rigidity (.Lnam}e) Use floppy structures
and go to adaptive structures to correct dynamic problems and cause these
static problems. Control the surface of the optics so you don't even have to
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test it on the ground, and figure mﬁﬁhow you take this {-;%leé i thin, put

it into space, deploy it, have itﬁ i control. Now, I'm not talking
about tomorrow, but we've got to leave our old ways if we ever expect to
get a factor of 20 to 30 reduction in cost’(inaudible).

Now, I want to tell you, I just read a ski magazine. K-2 Ski's has the
following ski -Gaudibley. which g tw%ioll buy next week when I go skiing in
\ _—
California. It has a ski with a pwste-electric device, so when you go over
bl&ﬁp_s you build up a charge on a capacitor which then gets dissipated,, the
34 the skis don't vibrate. Now, if K-2 can build a ski to do that for
a few hundred dollars, we ought to be able to build an optic twice the size
of the Hubb§l\ Space Telescope. An adaptive optic. We ought to be able to
make that one-tenth to one-thirtieth the weight, and one-tenth to one-
thirtieth the weight-and—one-tenth—te—ene-thirtieth- the cost, and all of a
. eutto ‘?Mrw?- :
sudden we could see anything we want to see. Maybe 4 (1naud1b1eﬁ. This 1is
imBSrtant stuff. And then, instead of grinding things, we ought to replicate
Guvke, 3 . C . . . .
serviced, and instead of grinding and polish, we ought to think focus. It's a
whole new way of thinking, that you can apply this active control of =
large space «£naudtble. And they're building systems in space with zero G
precautions.
15 HMSL-.“,
Now, the first task that I talked about, the lead centerz,Lhi-s‘NASA medute.
I told them, shut the hot dog stands down, and all you've got to do is work
within thlsk(lnaud1ble) academia (inaudible). NASA Johnson's been
worried about operating a SR%CE station and figuring out how people can
live and work in space. Jay Prel_worked with academia and industry, avd
resolved this problem.

The fourth problem is probably the most difficult, and not necessarily the
least priority. There's revolutionary change in design, simulation, and
analytical toolé. We're il_;lh the darwei?kggsgﬁeg_g tools, rﬁlsld I ask you to
think about this. We have $9~Milhen—in—Gnaudible). If you fail a composite
it doesn't yield, it explodes. We have complex environmental inputs, we
have stocastic processes and non-deterministic systems. Now you mix all
this stuff together in a ball and say, where's my design efew! It's non-

existent.
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First of a!l, _iR we're going to work with composites in some of these -mezster
1

(inaudible), we need a physicgs-based design e#ew o start with the
individual molecules and the forces between them. It builds up

(inaudible) design (inaudible) , and started (1naud1ble) But this is the type
of thing we would hope we have ) ‘this is a perfect job for
academia, This is the kind of thing that needs to be done. We have these
demgnd,.-but we designgd in black plastic, do you know what I mean
here? /ﬁlack aluminum, design@#d in black aluminum, you know, when you
take composites and you do safety factors like you, wee in the—tmemdible) alominom,
But it's non-elastic. It's not ISOB'\;)pIC. It doesn't make any sense.

Beechcraft tried that with that Starship, that's why it failed. They designed
in black aluminum. The Unlver51ty community needs to work with us to

build these phys1cs based Graudible)—

Then when you think about what has to be done when you get adaptive,
intelligent, learning, self-generating, software to deal with the chaos and
the sheer magnitude involved in (inaudiblg). And then we need computers
to go along with that. And ma)%%ln thém‘?- Lrs
(inaudible). Genetic-based algorlthms could provide stable, state change of
complex systems, and we are working on this. The other problem is, travel
is too expensive. People get on planes, still today, because we don't have
geographlcally dlstrlbuted user-friendly to‘b%t llo collaboratlon So we
need 1ntercondact1v1ty, interoperability, (—l—ﬂ-ﬁ'ﬂ'd'ﬂﬁ%Wlth common media
and low cost.

4’9&&\1‘2«*—)
We have _]U.S‘& chan&ids the mission of NASA Ames. [ celied=them, stop
hugging M) Let go. Let's take the science mission at
NASA Ames, and turn it into an institute) and let's focus NASA Ames,that's
right in the center of the information capital of the world, into the center
of excellence of information and technology in the,world, so we can
develop these tools. And we're start1ng,w1thw°t¥1e ?ntlre industry, we

intend to have a virtual laboratory for developmg s multimedia took

nght now fh&—é&t—tes—ﬁna—tt&tb}e%%&—o—ij lenss t@ tagles,

So these are the type of things, Snaudible) How anyone can make their
own list, but I think these thlngs go to the heart of the problem, and these
issues get back to scientific fundamentals, starteﬁl3 at the beginning with
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the molecules. So I'm fradty confident that we'll be able to do all the things
that one can name in one vision.

Let me ask you to think about this. A few decades from now a young lady,
who is the daughter of this Bell Atlantic tef:"hnlmanﬁmaudlg?e) And she's
going to be sitting in her office and she'll be looking at a number of images
in this picture-framed video display on the wall. And she'll be looking at
dlrecAa@a@ﬁ and analysis of planets, and she will have seen a
planet, and if we didn't have enough resolution to see ocean, continents
and clouds, gPt because the planet was spinning we had a few pixels, she

was able to ebseiwe some ice caps she was able to@ewe some \[—ﬂw‘@a-fc(-w‘l
S ble)

Vi

~tnaudible) variations and -tgy&pa#et-gai&e&c characteristics, Gratdtble)r-

whene e
And she also took the data in an office W’h%F&- mlss10n that she helped lead,

Wowaw éw tU

before she got that job, to land the first &SW% a-m;\ the first
demonstration phase of the mission. So perhaps, ]llSt perhaps, something
would happen. She was waiting, the phone rang, and & NASA o s SA8 . Toe
Administrattyge called and said, don't come to Washmgton, T free. They-ve
got to show you something. Perhaps they and the rest of the world seeg
something that changes history. Something that changes what it means to
be a human being, and perhaps,, just perhaps, they would see something
that suddenl};\ orever changei.‘ THank you very much.

(Q & A session with audience)
Q. (inaudible)
I have not spoken to him.
Q. (inaudible)
I understand. I mean, I try and talk to as many people as I can. TI'll be
happy to talk to him.
Q. (inaudible)
[ understand, and, I will do that. I will take it down, and if you give me a
card, I'll tell you what he said.
Q. (inaudible)
What's that?
(inaudible)
Oh, Time Magazine (inaudible) my eyes are old eyes (inaudible) it looks
like December 4th, '95. _Q t i has good eyes.
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December 4th, I{ ha& {naudibler right. Yes sir?

Q. That's an inspiring vision you sketch, but you're not going to (inaudible)

«ﬂ%space station -ta—partientar (inaudible) could you expand on that for a bit,
please?

Well, I appreciate your comment, and let me respond to it. The space

station is being built to see how people can live and work safely and

efficiently in space. Now, if you want to test someone at_zero grav1ty, you

can try to do it on the earth and you get 28 seconds & ) “ballistic ?Mbal“.
{naudible). If you want to expose someone to years of zero gravity and get

real (inaudible), real sophisticated e medlca{l_ \‘e?, the only way

we know how to do it is to go into an orbit ). nd we know 4 an

¥ ) by going -éa-a-aﬂé-rble) ?)‘fblt around the planet

earth. If we want to go test robpts in zero grav1ty, we don't know how to

o bet
do that and have those robots‘ A t 29 seconds.

There are a whole host of issues. If we want to really test how to -O-bt.l:;l‘l“
samples and bring them back to earth (1naud1bl'6) because if we bring back
specimens (inaudible) there are a whole (-ma&dab-l-e) microbial (inaudible) .
You can make long, long lists, so, sometimes people th1nk about oh, the

%W'

justification for the space station is to do microgravity gf——m—yse].f The

oA,
orbit we, keep

justification of the space station is to figure out how people can live and
work safely and efficiently in space.

That's something we have to do, and then because we set up this unique
facility,_:(i—&aﬁd-i-b‘}e% we have 100 kilowatts of electricity, we have a
pressurized volume equal to the size of two jumbo jetliners, we have 14 of
the most developed countries of the world participating, we have six
researchers on board, probably one and a half will be tied up with mainte-
nance. We can do stunning science, I want to tell you. Even in that
domain, even thoughl that isn't the justification, we are getting stunning
results. Blotech to biomed (l-nau-d-lb-le) Testing Nobel prize theories. The

theory of % = i . So it is there.

Now, the point I want to make is, the reason the space station got into
trouble in the first place and we kept debating it, it is no longer a
debatable issue. We are going to build the space station. That's why we
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spent $10 Million in 10 years and got nothing, because NASA tried to

please the Congress. A responsible parent sometimes says, "no". We're
saying "no" to redesign, we're saying "no" to changes, and we're going to
build a space station. We are less than two years away from launch. Now,
we set that schedule in October '93. And unless there's some act of God we
can't control, we're (inaudible).

We have a reserve)(-hrﬁﬂ'di'b-l-s; and the other thing we did that's unique is
to set aside $2.6 Billion reserve for science. Engineers cannot touch one
nickel of that science. The problem we had is we had a solution seeking a
problem. We now have a problem seeking a solution.

And the other thing I want to tell you, 1 and this gets back to a

point that was made with Gene Wrﬁs aﬂfgg{g{ga%e ‘e L
‘inawdible) someone said, Gene has an idea @—(—ﬁr&&el-l-b-}eé—ask_@.naud-rl;b)— X
<approvalr [ got a little cute and said "no". What I really wanted to say

was, we have these thresholds to go through, and if Gene can make it

through the process, and it will be a peer review process—{inaudibtey it will

be a national peer review=(inaudible) if he makes it through, and this is the
priority in (inaudible) mind. Now, his argument is, it's less expensive to go

to an asteroid then it is to go to the moon because there's almost no gravity

on the asteroid and you don't need delta=V going down and going up. And

he says the scientific riches on the asteroid has great possibilities.

Now, one of the thin sl %1dnt talk about was, we would like to have some
JM '-PMQ\ 9 b
demonstratlon missions , apd—just—eausing—(inaudible) Phase I and Phase II.

Real qulckmé—iefee missiong to prove Aout the technology and
sa..Cz And one of the things I did was, I challenged the folks Fd\(?w‘il f»u
NASA Houston. I said, it cost $11 Billion on a cug&lt basis aﬂd-— oxrsia*%o
“timaudible) on Apollo. I give you the following &Hﬂ-&d—l—b-l-e-) exp rlment Go
to the Moon, frnaudrb-}&you re getting no money to do this (1naud1ble)
figure out how to go to the moon, land two people on the moon, keep them
there for three days, bring them there and back safely, no other
requirements. And then I said, figure out how to do so_énethlng similar for
an asteroid but, number one, somethlng in the range -(+nattd1ble) factev o Thy r‘\-vx

ﬁﬂéﬂ?fb-l—&) Apollo —&ﬂa-&éfb-l-e} ba81s 9
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They weren't afraid. And right now, we'll see how they go. I wouldn't

want to,¥inmaudibtey I don't want to usurp what they're going to say a year

from now. And I said, no outside contractors, you can't have thousands of

people. I want you to sit in a room, I want NASA to start getting technical

instead of being contract managers. And then we'll ask contractors to do
8 8 a-ri) 4 (-ewco ?i's .

e @
this later. But I want to re-establish, A3
NASA. They told me that we could gofimatdible) and I had fun doing this
C e el el a2 o
also (inaudible) Apollo was 136 tons in their calculatlonsA(lnau ible) . .

Very different.

ow w loomdh seiess
But you know what they said? The thing that's killing Gnaudible). And
that's why when Gene, ¢naudible) someone said, well, will his asteroid
mission go, the sooner we get margin of control I feel will get (inaudible)
asteroid. He may (inaudible) that may be the very first mission we're
going to perform, and that's administrative (inaudible) technicians, I tried
to. Thank you very much.
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PROCEEDINGS

MR. GOLDIN: It’s really a privilege to be here. I
spoke at the gathering last year in Atlanta, Georgia. I
talked about the author’s task of communicating numerically.
The criticality of the scientific community not looking into
itself would recognize that the American public is picking up
the bill for all the science that we do, and sometimes in the
joy and passing what we would get, that the ultimate consumer
of science and technology that we’re working on for the
American public.

And I have a little story about the American public
-- it’s got to be lowered. And this story takes place in
November of last year. My wife and I had just moved into a
house up on Capitol Hill and I was trying to get the phones
hooked up. I got the phone line hooked up but I couldn’t get
the fax line hooked up and I was feeling kind of naked at the
time without my fax at home. So we arranged for a technician
from Bell Atlantic to show up at our house at 9 o’clock on
Thursday morning, which was I think, the week before Thanks-
giving. And it was clear why I would be there at 9 o’clock,
was I was non-essential to the Government had shut down. So
my wife went off to work and made sure I took care of all the
chores in the house.

So that was the -- it was also an interesting day

because at 11:10 that day I was going to communicate with the




ir

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

International Crew on Board the MIR, from my house. And T
had refused to go into NASA Headquarters because we were on
furlough and I felt it inappropriate that the Administrator
bring in the crew in the TV studio so I could talk to them,
so I just asked Mission Control, can I make this call from my
house? And they said, sure.

So 9 o’clock passes, 9:30, 10 o’clock, 10:30. A
few minutes to 11 the doorbell rings and there’s this big,
tall guy at the door and he can hardly speak English and he

says, "Hi, I'm from Bell Atlantic. I'm here to put in your

fax line." I said "I know, but I've got something important
to do." 8o he says, "I can handle it real quick, don’'t
worry." So I opened the door, he goes dashing into the room,

he says, where’s the plug for the fax line? And in our
kitchen we have two plugs, one for the phone line which was
alive, and one for the fax line which was dead. So he imme-

diately injects his tool into the fax line and Mission

Control’s calling me and they hear, whoo, whoo, whoo --. 8So
I said, "could you pull it out, please?" He says, "not to
worry. You’ve got a few minutes before the phone call." I

said "this is a very important call."

So finally he pulls it out. It’s now five or six
minutes after 11 and Laurie Bader, who’s the head of Public
Affairs, came to my house so she could -- just to see what

was going on. And by this point in time the tears are just
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falling down my cheeks, it’s so funny. And I didn’'t want to
tell him because I felt he wouldn’'t believe it. So, he says,
"I'11 tell you what. If you don’t want me to work in the
house I’'ll go to the switchboard outside" -- and I said,
"please don‘t." So it’s now 9 minutes after 11, we’'re all
getting kind of nervous, so I said, "here look, why don’t you
sit on this couch next to Laurie?" And I turned on the TV
and there are the astronauts floating around in all different
flags, and he still doesn’t get it.

So I said, "I'm going to talk to space." He rolls
his eyes. And then he hears my voice coming through the TV.
The guy about died. 2And it was really an historic event
because we sent the shuttle up to a Russian space station, we
had a Russian on board, a German on board, we had a Canadian
on board, and the Americans. I mean, this was almost a
representation of all the people above the space station.

The only people that weren’t represented were the Finns. I
mean, it was really an historic mission.

And I was still -- I mean, I was still more wrapped
up in the mission. I didn’t appreciate this until, you know,
I thought about it afterwards. And then he listened to it
and I mean, this man -- TV. And when it ended I said, "what
did you think of it?" And he said, "you know what? Space is
what’s about my children’s future." Those were the only

words that he could get out of his mouth. And here’s someone
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who's relatively uneducated, new to this country, but he
understood the criticality of space in the future of his
children. The connection was right there.

And sometimes when you’re inside the Beltway and
you listen to the cynicism that comes out, you don’'t appre-
ciate that America wants to open the space frontier, people
on this planet want to open a space frontier, and they’re
sick and tired of bureaucracy getting in the way.

And after that experience, all of a sudden there
was an unbelievable sizzle that took place. Galileo got to
Jupiter. I mean, if you think about the probability of that
happening, the Perils of Premalin. And then the miracle of
the incredible brains of the people that designed that mis-
sion -- it’s breathtaking. You know, the margin for error,
assuming everything worked, was so unbelievably low, that you
ask yourself, how did it happen? And then shortly thereaf-
ter, I turned on the TV and there’s an excited newscaster
showing a picture of Deep Field Galaxy. And I mean, as
excited as could be -- as excited as anything happening in,
you know, Bosnia, in Haiti, over the budget.

And then I had the opportunity to talk before the
American Astronomical Society a few weeks ago in San Antonio.
And I was going to talk about origins, and even though we’'re
talking about humans in space I'm going to talk about the

origins appropriate today and put it in context. And before
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I give a talk I like to, if I have an opportunity, talk to
some scientists involved, so I had dinner with a number of
scientists. Jeff Mossey was there and Alan Dressler -- a
whole bunch of people. And I was all excited about talking
about talking about my subjects, and halfway through the
conversation Jim Mossey says to me, do you know what I'm
going to talk about tomorrow? And I said, no. And he
whipped out this data showing he had found two planets cir-
cling stars within 35 light years of Earth.

I mean. I couldn’t believe what I was looking at.
And these planets were in the fuzzy life zone -- and I'll
talk about it -- I want to define that a little later. So,
if you think about it, or if we can pick a time in history,
all of history, you say, when do I want to be alive and when
do I want to be there? It’s in 1996 and '97. I don’'t know
if you realize what'’s about to happen. We are finally get-
ting a chance to open the space frontier -- now, there’s some
things we’ve got to fix, but you know, you talk to some of
these people, they say hey, wait till you see what I’'m going
to show you next.

This is unbelievable. It’s the type of thing
that -- they want to put it on Nightline. So instead of
worrying about the budget, why you know, we can’t work as
Democrats and Republicans, as Americans together, here is

something that’s definitely superior to this whole thing.
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But we'’re not stopping. We have resources up there, we have
resources on the ground. Next week we’re launching a MIR
space crew. We started on it three years ago. We didn’t
debate it. We just started the program and we’re building
it, we’re launching it on the 15 February, and it's been
going out to an asteroid, and it’s going to go into orbit 20
miles above that asteroid and we’re going to learn almost
everything we have to learn. I know Gene Scheumacher still
needs some more data, and I'm sure we’ll find some more mis-
sions for Gene.

And then this summer we’re going to launch the Mars
Global Surveyor and the Mars Pathfinder. Three years, half
the price of one Mars Observer which disappeared. Every time
I go back to California they say, have you found Mars Observ-
er yet? A large lunar prospect in ’'98. We want to see if
there’s water in some form -- goes to valuable water anywhere
in the solar system. ’Cause see, 1it’s being launched earlier
than we initially projected. Close to a billion dollars less
money. It’s going to be launched in October ’'97. No launch
start. The Cacidy is going to go to Saturn --.

We just started a program, I think a month ago.
It’s called Stardust. We’re going to go out and collect dust
from comets and then separately collect intergalactic dust.
And that the samples are coming back to earth. We’re going

to launch that spacecraft -- we just started it. What if we




1r

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

find some building-block of 1life in -- what else might we
find?

And then in the summer of ‘98 we’re going to launch
Deep Space One. I made up the name. I didn’t know what else
to call it. It kind of feels good. We are going, for the
first time after 30 years of development, utilize electric
propulsion. It’s absolutely crucial for the exploration of
space, real advanced sensors are going to rendezvous with a
whole bunch of small bodies. And then, Mars in ‘98, launch a
global surveyor, Mars Lander II. And maybe even Mars Pene-
trator I. Then, in the year, 2000 Deep Space II. This is
going to be the first experiment in parametric techniques in
space based upon work we’re doing with KEC-II and on Mount
Palomar in the barometer.

We thought the problem was going to be, to meet
forming networks and the neutrology, you know -- knowing
where things are when we land. People-meter and having
pointing accuracies of a fraction of a micro-off-second.
That's not the problem, although we don’t know what the rest
of the problem is. But these are on the books, and we’ve put
them on the books even though the NASA budget’s coming down.
Someone there in the press conference said, NASA’s coming
apart. I don’t understand. I just don’t understand, because
people in the past measured the vitality of NASA by the

dollars going in, by how big an organization they had, by how
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much paperwork they had, and how to buy by the bureaucrats in
Washington, and how much punishment could they inflict on the
nation.

I'm proud to say our budget has come down. We
started 25 new programs with 20,000 less people in this great
government. And there’s going to be another 35,000 less.

And I feel on a human basis, that this is a vital and alive
program. Hubbel is going to be up there, and next year,

just about a year from today we’re going to put in UV spec-
trometer, and we’re going to put a new MIR imaging spectrome-
ter. Think about what’s going to come out of Hubbel. And
it’s not going to be done without people. They’'re going to
be astronauts to do it, and I’'m proud do say there are going
to be astronauts. And we’re working through the KEC Founda-
tion, and we’'re helping build KEC-II and this May we’re going
to dedicate it and we’re going to start getting first flight
in October of this year.

And then with the data from the Mount Palomar
interbarometer we’re going to update the meet forming at the
KEC Observatory in Hawaii. And we’re going to make inter-
barometric measurements and begin to get some sense about
extra solars of valuable light, and hopefully we’ll detect up
directly from the ground, a whole bunch of Jupiter --. And
again we’ll move forward. And then we’re going to study the

earth’s environment. We'’re going launch the Lewis Space-
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craft, the Clark Spacecraft, the Trent Spacecraft, Topaz
follow along.

I noticed our French friends here. EOSAM-I, EOSPM,
Landsat, Sea Star. These are all going to happen, and start-
ing in ’'99, every year we’'re going to launch a new earth
science tool. So it’'s amazing that with less money things
are happening. We intend to open the space frontier, not to
provide jobs for people in the industry, not to provide jobs
for bureaucrats and not to provide jobs for bureaucrats in
universities (perish the thought, they’re there too, because
they’re not just in the government). We want people to work

with us who want to open up the space frontier. This is not

just intellectual. It touches the human spirit.
I took with me two issues -- I mean, I read lots of
publications, I could take bunches of them -- but look,

here’s Time Magazine. The cover of Time Magazine. Not about
death and killing. It says, 'Is anybody out there? How the
discovery of two planets brings us closer to solving the most
profound mystery in the cosmos’. This says there’s more to
life than survival -- that as human beings we need intellec-
tual nourishment as much as we need food, as much as we need
shelter. And it’s built into our culture. And even more
stunning, this is -- I don’t have my reading glasses on, but
I think this is December of ’‘95. It says, ’‘Evolution’s Big

Bang’. If you haven’t read about it in either this or any of
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the scientific journals, there’'s been some new findings.
That in a 10-million-year period, about a half-million years
ago, it seems everything happened. We went from a single-
cell to a most complex structure. One. And if we have a
sample of one, planet earth, I'm not sure we’ll ever be able
to answer why. And for that reason alone, and I’'1ll talk
about many others we need to explore.

So we shouldn’t worry about just the day-to-day
things because they’ll get taken care of, believe me. We
have 535 people in Washington worrying about the day-to-day
activity. What we have to do as scientists and engineers is
think beyond the next fiscal year, beyond the next quarter,
what'’s happening 20 or 30 years out, so that Bell Atlantic
technician is assured that his child will have a real future.
This is what drives me. I mean, every day I have to pinch
myself and say, oh God, look at the job you’'ve got. What a
privilege that the President of the United States lets you to
go to work each day. And each day I say, whew, I made it
through another day. He may decide not to. And that’s been
known to happen.

So what we have to do is have some unifying vision,
and that vision isn’t, let’s run short for the planet we
could go to. We have to think about asking some fundamental
questions and seeing how we tie science and commerce togeth-

er. And commerce is not a dirty word at NASA because sci-
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ence, technology and commerce are absolutely integrally
aligned. And some of the feedback the American public gets
from the space programis the improvement in the quality of
life given the technologies we have today. But the real
payback is going to be when the open the space frontier and
make it part of our economic system. And that will be as far
away as we allow them.

So I'm here today to pose questions, tie issues
together, to explore issues, set goals, and talk about how
we’re setting some thresholds. What I will not do today is
announce a disconnected feel-good mission. And I remember
on the 25th anniversary of the celebration of Apollo, there
was an unbelievable pressure: hey there, is NASA or the
President going to announce we’re going to Mars? Absolutely
not. That would have been the wrong thing. Because then
we’ll be back from where we were. We had this organic shut-
tle program. Now, I don’t want to be demeaning to the people
that worked on the shuttle, but the shuttle has suppressed a
lot of science that we could be doing. There’s no reason we
shouldn’t have been doing these things 10, 20 years ago. So
we have to fight the temptation of getting an organic feel-
good program that could destroy the integration of what we’re
trying to do.

Before I talk about this, I'd like to thank a

number of people I consulted with. Harry Holloway, West
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Huntress, NASA Sam Vaneria, NASA Jeff Placia, Ann Balland. I
talked to Gene Scheumacher at the Galileo Penetration,
Transcordiva Kolchlosha, Mike Myer, Dr. Towns. I picked
everybody’s brain, and I tried to synthesize some of the
thoughts that people have, because no one person has individ-
ual wisdom.

What T tried to do here is list what I consider to
be three fundamental, interconnected questions that we have
to answer. They’re multi-disciplinary questions. It’s not
about a spectrum or a mission -- it’s about answering the
fundamental questions because the American public doesn’t
know what a koseni is, but that know what fundamental ques-
tions are.

First, where do galaxies, stars and planetary
bodies come from? How do they evolve? Two, are there other
places that had an environment and in the broader sense of
the word, have an environment or might have an environment
hospitable to life and/or commerce? Three, is life of any
form unique to planet earth? And I think this is what --
this is the fine line I was trying to get at, and that I
think, is what turns people on. So this is not a program
I'11 talk about today -- not a discipline, not an agency, not
a specific date, but in integrated, multi-disciplined, tech-
nological, cultural and economic quest.

We are interested in the sustained presence in the
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solar system. We are not interested in rushing off to Mars,
spending tens of billions or hundreds of billions of dollars
and stopping the scientific pursuit so a few people can feel
good and a couple of companies will get big contracts.
That’s not what we’re going to do.

Now, to answer -- attempt to answer these ques-
tions, we could perform the following task. And again, I
think this has be decided by the people in this room, scien-
tists and engineers around the world, and I’'m only proposing
these as a starting point and I hope they’ll stimulate dis-
cussion. First, survey space to search for and analyze the
earliest formed galaxies. Two, search for and analyze stars
and planetary systems in the process of forming. Three,
search for and analyze extra-solar planetary systems in our
neighborhood. And our neighborhood is defined as, as far as
the aided eye can see. And right now it can’t see very far.
It’s blurry. We now are myopic. To search for and analyze
planetary bodies that were, are or could be, habitable and/or
could have resources of economic interest.

Search for resources and/or signs of life including
alternate life forms that we don’t even know about. We just
found some alternative life forms at the bottom of the ocean
that don’t operate the way other life forms operate, and if
we can have it on our planet, by God, we could have it on

others planets. In our own solar systems which we have yet
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to go through and appropriately explore. Six, attempt to
determine some of the factors controlling the origin and fate
of the universe and our solar system. Everyone wants to
know.

And it brings to mind a story. I went to my daugh-
ters’ school when they were in elementary school, and I
talked about the solar system: the sun, planets and planet
positions. And then I made the mistake of telling these 9-
year-old children, that the sun's going to burn out in five
billion years. They got hysterical. But these children were
giving an honest emotion. Think about our own feelings as
adults. So these are not insignificant questions.

And finally, and most importantly, to benefit
people in America and on the planet from the richness of the
findings and technologies. And you can do this in a single-
point program like Apollo. You can do this with a Sprint
it’s America -- and it demands revolutionary change, not
evolutionary change. Let me give you an example.

The Hubbel Space Telescope. I love it. Six bil-
lion dollar life cycle. Unconscionable. You waste 25,000
pounds. It costs us a quarter of a billion dollars a year --
it’s getting great results, but at what cost? And we have to
get into more of a cost-benefit analysis. So I challenge,
and I’'1l talk about it later, people in this room and people

across the nation and I’11 talk about how I think you can get
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this without being specific. We need more than an order of
magnitude reduction in weight. We needed at least a factor
of 20 reduction in force. And we needed at least a factor
of two or three to reduce the size of that telescope. And
that technology needs to be developed by next spring. We
could do it.

People out on the west coast -- in fact, I saw
Roger Angel here. Roger tells me he can do it -- he’s a
little too heavy, but he can get it down a little bit. So
everything is connected, and new relationships between indus-
try and academia and government and the American people have
to take place. The Apollo era is gone. America spent five
percent -- five percent of its budget to go to the moon
because we had to beat the Russians, and that was the right
answer. Our budget is now nine-tenths of one percent. So I
will fight anyone that wants to rush forward for a feel good
mission to the moon, that doesn’t have revolutionary technol-
ogy -- not for the technology sake, but we need orders of
magnitude of reduction in costs, so we get the cost down, the
ratio so industry could begin to think about getting in-
volved. So 20th Century thinking is out, 21lst Century think-
ing is in.

Now, if you take a look at NASA, a solid revolution
happened -- a week ago and I don’t think anyone noticed it.

NASA is no longer an object-oriented program. We no longer
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have a space physics division to serve the space physics
people in the university system. We no longer have a plane-
tary division that has a community that needs so many hundred
million dollars a year. We no longer have an astro-physics
division. We have intellectual leadership at headquarters
based upon questions that need to be answered, and multiple
disciplines. We no longer organize ourselves around wave-
lengths. We no longer feel constituent-oriented to people
who go to the Congress and have to have a specific level of
budget so that they don’t have to lay people off.

Now, I don’'t want a peer office. We’ve got to be
dominated by work that’s outstanding, and the work cannot be
subsidized by the American people -- to provide stability in
laboratories. Your work’s got to make it through free-flow-
ing peer review research, and not from the Congress. And
this has hurt the NASA program. Nobody’s mad, but sit in my
office sometime and you’d throw up from the calls you get
from the Hill -- good people on the Hill -- because people
are trying to maintain the status quo and the NASA-team is
bound together and determined, never again.

So, we have a shared vision. We'’re going to look
at the planetary system, not as planets in our solar system.
We’re going to look at our planetary system as every possible
planet that we can see with the aided eye. And we intend to

do relative planetology. We intend to get ground crews from
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what we can see with robots in our solar system -- with what
we can see where appropriate, the people that walk on planets
in our solar system, or we can see remotely in nearby suns.
So what we have done is, we have taken the program
responsibility away from NASA Headquarters. It's gone, it’s
finished, it’s done. We'’ve actually pressed the people in
the field centers, we’ve identified new field centers’
functions, and we’'re out of command and control. No more
people control -- no longer will people control the holds
that NASA had at Headquarters, looking for hot dog stands.
We're shutting down every scientific hot dog stand, and
everything must be related to the strategic plan for NASA,
and everything must be related to answering basic questions.
And we’'re open. We want the scientific community
to come back at us and say, hey don’t think the questions
should be this way, they might be that way. But we’re commu-
nicating with the American public -- from online on the
Internet we get an unbelievable amount of hits, and we want
to work together. We’ve got to close all these hot dog
stands because as our budget comes down, it’s not allowing us
the kinds of research that need to be done. So for our part,
Headquarters will no longer be measured in multiple thousands
of people, it’s going to be measured in the methods that
people use. Good people are going to go to the centers, and

good people may no longer be with the Agency.
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I don't want you to feel there are bad people, but
this is a fundamental change in the seascape. Headquarters
will determine the what and why, centers will determine the
how. We will not usurp the responsibility of the new
center’s directors. Engineering is going to be a short-cycle
point. As a general principle by exception, we won’t start
programs beyond three years from start to launch, unless
there’s some real compelling reason. We’ll demand that all
the technology get done in advance. You could have
experimental programs, you could crash ex-planes, you could
do whatever you want. Once you start with we’re going to
finish unless there’s some rule of physics that says you’d
have to in three years.

Low cost. Each mission has to be less money than
the next, because your budget’s coming down and it’s not even
getting corrected for inflation, and we want to start new
things every year, and that’s how to do it. We will have a
technology pipeline. In the past, every program had to have
their own technology, and now we’re setting up the technology
pipeline for launch, setting up the technologies pipeline for
spacecraft, and we'’'re not going to fund technology on a hot
dog stand basis. They all be covered -- based on --.

And it brings to mind a guestion a young engineer
asked me -- I was at a job, maybe about three or four days.

And this young engineer said to me, Mr. Goldin, I have a
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problem. I found a new device that no one will fly. I go to
the program managers and they say, has it flown before? And
he says no, so they say to me with a pat on the head and the
back, go away young fella. Go get it tested and then I’'ll
fly it. You know, hell is a Catch-22? Well, we are now
sending up a series of spacecraft that are going to be tech-
nology directed so we can test these new technologies out so
when we go into the missions, we don’t have to have risks.

This is the concept and, I‘1ll tell you, I’'ve got to
thank one person in this room here, Jerry Fennell Banyon.
Early in my tenure he talked to me about this experimental
concept and a number of others. Really competitive things,
and I probably -- . So we now have the tools, we now have
the approach, and now we have the planetary approach that
we've broadened up.

So how do we go at it? I propose that you consider
that there be four phases to planetary exploration. I'1ll
call Phase 1 robotics precursors. This is where you can
throw flyby, orbiters, landers, rovers, sample-return devic-
es, to kind of scout the land. To find the places that have
some real potential. Phase two would be initial human explo-
ration. That first few flights -- you don’t have to plan it
for a whole long series, just the first few flights.

Then as you get more data in the, you know, the

cost benefit ratio starts getting better, the potential for
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scientific resources or commercial resources appears, and as
the cost goes down that ratio is really sharp. You then go
into rebustion of exploration. And then finally, you go over
the threshold, to phase four, sustained human presence. And
I think we need to think about these different thresholds
because we mix our metaphors. When we talk about missions --
hey, I want to go to Mars. Well, what the people generally
say is, give me the price for that first flight. And that’s
unfair to the President and that'’s unfair to the Congress and
that’s unfair to the American people. And these phases have
a hierarchy. 1It’s a resolution of spacial, temporal, spec-
tral, analytical, and adaptability to tools.

Let’s take a look at them. The lowest spacial
resolution, the lowest specialized resolution is going to be
the telescope on the ground. We’ve done it for centuries.
And the first big leap is to take the telescopes off the
ground and to put them into space, then get rid of the
earth’s atmosphere. Ultimately the telescope’s going to have
to leave earth’s orbit. We’re going to have to put the
telescope out at about 5 AU’s, so we get rid of this desire
for light, if we ever want to look at planetary systems
around nearby stars.

And then you get better resolution by going through
a flight and that’'s what we did with Mariner II to Venus.

And it opened up our eyes. Then we orbited the moon, the
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lunar orbiter in the Mariner series. And then we landed the
Surveyor and Viking. I mean, that was it. We haven’t landed
on a planet for 20 years now because we’ve been so excited
about the service award contracts on the shuttle that we're
not doing science. We spend $10 Billion on the space station
and didn’'t produce a piece of hardware, but boy, do the
contractors have fun.

It is shameful that stealing from the American
public -- and these are good people -- but we have a bad
system and we’ve got to wipe out this bad system. And we're
getting there. We’ve made tremendous progress. And then
after we land in fixed positions, we’'ve got to roll. We’'re
not going to wait two more decades to roll. Within days of
the find that the Mars Orbiter was lost, we started the Mars
Pathfinder. At one-quarter the cost, we’re going to land a
Rover on that planet that could move out around without
command first. We say, go from here to there, it will figure
out where the rocks are and will go around the rocks. It has
its own eyes and it has -- I don’t want to say a brain, but
it has a reasoning capability, and that whole rover may have
cost $10 Million. Maybe 15. It didn’'t cost a good fraction
of a billion dollars. And they’re building the whole thing
in three years, and if they launch it for Mars and it doesn’t
work, I'm going to hug that team for having the courage to do

it because they want people to take risks. The spacecraft
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are less expensive and we could afford failure because we’ve
got to push the technology in these areas.

And then after we rove we bring back samples, or we
can put an instant new lab on there like we had the Viking
biology lab protection. That trade isn’t very clear to me.

I think it will probably make sense to bring the samples back
so we don’'t have to miniaturize a chemical and physical lab -
-. So Stardust is our first sample return, and we don’t have
to wait until the middle of the first decade in the next
Century to do it. And then clearly, you’'ve got to put people
on the surface when we find out that we exceed the threshold
of the cost benefit ratio.

Apollo was enabled by the technology of Saturn and
the numerous --. Jack Schmidt found active --. Now people
say to me, then why don’t we send rovers? Why don’t we sent
robots to do this work? To which I respond, the minute you
show me a robot that roves the earth doing -- geophysics, at
the very moment I'11l send a robot, at you know, 10,000 times
the price, and put it up on a planet. It doesn’t have cogni-
tive ability yet, it doesn’t have versatility yet, it doesn't
have manual dexterity yet, and it doesn’t have adaptability
yet. Now, maybe when some of these robots come into being,
we won't need people for that aspect, but we still need the
cultural aspect. BAnd people are going to inhabit other

planets at some time, I don’'t know when, and it won’t just be
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robots, it won’'t just be --.

So the challenge is to figure out what are these
cost benefit thresholds between Phase I and Phase II, Phase
IT and Phase III, Phase III and Phase IV. And it could be
scientific, it could be economic, and it could be cultural.
And I say, we would not ignore it. I’'m not saying overplay
it, I didn’'t say overdo it for money, but if there’s a comm-
ercial benefit or scientific benefit, people of the United
States or people around the world are going to pick up the
bill, and you’ve got to factor in communications that do not
put science into a black hold.

And I want to tell you, we’ve made very little
progress since I begged this organization a year ago, to get
the scientists to start communicating with the American
people. We haven’t made progress. I’'ve probably been in 20
or 30 cities since I gave that speech and people are still
saying to me, I’'m not seeing --. You need to do better, T
need to do better, we need to do better.

Now, let’s take a look at some of these scientific
benefits. And again, you can make your own list, but I’'ve
made mine and I'm speaking -- decide whether you like it or
not. First, and probably one of the most compelling, are
there present or past forms of life at any level. If we
could find a fossilized, singular-cell life, it would change

a lot about how we think of ourselves. How is the planet
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structured and how did it evolve and what are the implicati-
ons to the earth’s evolution or general theory of evolution
of the earth? Can we unravel the body’s climactic history
and environmental history so we can better our model for the
climatic understanding, because when you start doing climac-
tic experiments you need a laboratory the size of a planet.
You can’t get some of these -- performance of planets --.

From an economic standpoint, the most compelling
igsue is, can you find resources to live off the land? And
in fact, if you ever want to get to Phase II from Phase I,
you must have that, because it’s going to be too expensive,
as Bob Zubrin points out, the load-down of spacecraft with
all the breathing gears, all the fuel to go there, to stay
there and come back. So I would say it is my intuitive
feeling that you almost have to say finding resources to live
off the land has to be a condition to go from Phase I to
Phase IT.

Second point on the economy is, are there natural
resources in the broadest sense, of economic value? Are they
environment conditions conducive to manufacture of high value
products, because of the environment that you have there that
gives you unique cost and performance better than what we
have on earth. And there are a whole variety of parameters -
-. And maybe, just maybe, -- have -- reality.

Now, when you think about geological fieldwork, and




1r

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

you look at this article in Time Magazine, you know, the

geologists made -- the paleontologists made a trade. They
took a look at Landsat pictures perhaps -- I didn’t get into
their brain -- they took a look at other things, and they saw

there’s some places in Australia that offered some promise.
Did they send a robot to Australia? No, it was a cost bene-
fit to get a plane ticket and rent a car to go to the site
themselves. And they went to this. In other cases it made
more sense to send a robot, so when they went to the bottom
of the ocean to make some of those measurements, they sent a
robot.

And this is okay. You don’t have to have robots
and you don’t have to have people. But you do this horse
trade so that it makes sense, and then you proceed forward
instead of making macho statements saying, I’'m going to go,
follow me. That’s what happened with efforts like -- Presi-
dent Bush genuinely believed this was the right thing to do
and to me, NASA let him down. We led him down the garden
path because we didn’t tell him how much. How much was a
quarter to a half trillion dollars measured over 30 years?
You know, it dims the light on the gross domestic --. This
is not the way to do space science. So we need to really
think through this cost benefit analysis.

Now, let me define what I mean by the l1ife zone,

because I know there are those who say the only place to go
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is Mars. It may be the only place to go, but if you think
about that the definition of the life zone is in the broader
sense, I think we may open up our minds. The life zone is
not the range of distances between the sun, where convention-
al thought says that water will be stable. And we, you know,
it won’t oil, it won’'t grease. It’s much more encompassing.
It’s a multidimensional space of temperature, pressure,
composition and time, in which conditions necessary for life
could, does or did, occur. Very important to think about
that.

So the robots have begun to explore what that life
zone is in our solar system and they’ll define the life --
they’ve begun to define a life zone in another solar system -
-. The earth, we can go down to Antarctica -- Chris McKay is
here, he’s done that. It helped us to figure out where to go
on the Viking, except the data came two months after we
launched it, so we went to the wrong place to search for
life. You know, we look at the deep oceans and we see other
characteristics and we look at Australia. Now, Mars looks
like a place that might be right, and we all know -- most of
us know the arguments about Mars -- might enough water,
comets and asteroids could have landed there with the build-
ing-blocks of life, there are dry lake beds. There are all

the conditions conducive that life could have or might exist.
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And we’'re going to begin to get a sense about that.
But we have to look at complex environments to interplay with
geological processes, chemical processes, physical processes,
biological processes, and a whole host of transport process-
es. And these are the things that produce the conditions we
can’t always predict or imagine.

Now, let me pick a wild and crazy -- in the summer
of this year we fly by Uropa. First blush from Voyager says,
ah, it had these cracks that come and go. Maybe the ice is
healing itself. And then when you take a lock at it, the
gravitational pull could be putting enough energy into the
core of this body that we might have an energy course. And
then if you look at the density, looks just like a conditic
meteor. And that has building blocks of life. So if you
look down to the earth’s ocean’'s floor, in the deepest chan-
nels on earth, maybe we might find the kind of life there
that might be on Uropa. Who knows? I don’t know.

But I certainly keep an open mind and when we think
about where we’re going to go next, I have deep respect for
what I don’t know about. But who knows, it might have a 10
kilometer-thick ice crust, on a 100 kilometer-deep ocean.

Who knows? Venus, maybe billions of years ago, could have
been in the life zone. Today it’s not. Vavoom. What if the
Lunar Prospect finds ice -- South Pole. Who knows? I want

to tell you, there’s going to be one beeline for the moon.
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All sort of possibilities. Maybe Titan -- once it’s there in
*97. And as Gene Scheumacher points out, water -- on the
earth’s asteroids. There could be a wealth of possibilities

in those asteroids.

And then, not only do we have the possibility of
life, but we have the possibility for some ground crews.
Think about Uropa, and think about the moons that might exist
around these planets that we just have found. What if we get
some ground crews? We have to understand life here and be
open and imaginative. Let me just give you one little specu-
lation. Let's say we find an earth-sized, blue-green planet.
You say ah, we found life. What if we found a blue-purple
planet? Should we stop? Maybe we’ve got photosynthesis from
rhodopsin, and maybe life might be the same, except it’'s
rhodopsin instead of chlorophyll. So we have to keep open
minds.

So the possibilities are great but there are limits
to what we can do. The National budget’s coming down, and
before we can even think of stepping foot off this planet, we
have got to fix, the festering, nagging, shameful problem
that we have in this country --. I'm embarrassed, I am part
of the problem. I feel we have not served our country well,
yet every time we go forward with a new launch vehicle, the
scientists are worried about their programs. If you tell

your scientists that unless we have a launch vehicle there
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will be no science, that it can no longer afford $10,000 to
$20,000 a pound.

And I testified under oath before the Congress that
the highest priority for them to start at NASA, was to fix
this and go on to a different problem. Even if the budget
comes down, we will cancel programs, never again are we going
to pay the price we paid, in renewing old ballistic missiles
that my company system engineered in the fifties. I'm embar-
rassed for our country. Good people have been living with
the status quo, and if this doesn’t change, we can talk all
we want about space, we can talk all we want about -- , we
can talk all we want about instrumentation, because we have -
-. And it’s not going to happen with an organic program.
Let’s throw $10 Billion in it. So =-- a little, build a
little, test a little. I'm going to keep the program a small
size so no one will get rich immediately. The place to get
rich is after you figure out how to do it in an order of
magnitude of less money. After you get into that shuttle,
after two minutes there’s nothing we can do. All -- bail
out.

But we’ve got to be honest with the American public
and not deceive the American public that they’re getting
something that they’re not getting. They can no longer
afford billions of dollars a year with tens of thousands of

people hugging the shuttle. There are some people who think
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the shuttle is the ends, not the means of the program at
NASA. Now, it’s a wonderful machine and we’re going to make
that machine as safe as humanly possible. In fact, the
reliability on NASA end on the last three years has -- be-
cause we invested money to make it that way so the astronauts
would have more confidence getting in.

But there are those who think they’re going to keep
the shuttle program alive to the year 2025, and I want to
tell you, they’re whistling Dixie. Unfortunately, this crew
is in agreement. Come to an AIAA meeting and you’ll see --.
T mean, we are taking money from science and putting it into
bureaucracy. Where is it said you need 20,000 people to
build a launch vehicle? But given that fact, I’'m proud that
we have a safer vehicle that a million dollars --. This
money helps fuel --. So that’s the first item on my list,
and probably the second, third, fourth, fifth and sixth.
That’s the only way we'’ll leave this planet. That’s the only
way we can do a mission like --.

Then we have to second, figure out how people could
live more safely and efficiently and productively in space.
You can’t paint people in a 1 g environment and throw them
into cosmic solar radiation, zero gravity, and say have a
nice day. There are fundamentals of life science that have
to be undertaken, and this is where we as an Agency, must nod

to the medical science, life science, biotech -- all the
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computers in this country. NASA will no longer be about
rocket boosters when we fix that trouble. NASA’'s going to be
about life sciences, about how to hermetically select --
cosmic, solar --, -- radiation, life support. How do you
control microbial elements for two, three years. It’s a very
small environment, without getting a Legionnaire’s disease.
But if you get Legionnaire’s disease, what do you do? How do
you make a personal life support system? A space suit -- it
cost $10 Million. It costs, you know, a good fraction of a
million dollars every time you use it. The object of the EPA
suit is not to make people wealthy or give them jobs. The
object is to protect the vehicle activity.

Microgravity affects the heart, the muscles, the
bones, the immune system, the nervous system. By studying
how to get countermeasures to them, we’d better understand
human physiology so we can enhance the quality of life on the
earth. We need new concepts in medical care. You know, on
Apollo we invented intensive care monitoring, and some of the
people in this room have had to have these little battery
packs you carry around. Just about this big, looks like a
transistor radio. We intend to put that on a microchip that
you can’t even see, using nano technology. And in fact,
right now some of this technology is being used at the Uni-
versity of San Francisco to put implants into children that

are still in their mother’s womb so you can monitor their
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vital signs --. So it’s not in the future. It’s here.
Chemical surgery, select and induce resistance to illness.
Calimedical Support -- these are going to be done in the
space station and ground support.

This 1s science, this is important science. We
have to figure out to make robots and how to integrate them
with humans. We are on a path to develop robots that think,
see, hear, touch, smell, speak, talk, perform mechanical
operations. Right now we robotics assistants. By the time
we get done with the space station we intend to have robotics
surrogates --. And we’ll go into testing in space. When we
put the astronauts in space they’re not going to do into

space with 400-pound space suits and at least 10,000 hours of

Third, we need tools to produce higher resolution
spacial, spectral, chemical, and life cycle of course, sci-
ence space base stations. And here is the concern. Let me
use the Hubbel space telescope as an example. Hubbel is as
safe as every other telescope we’ve put in space. Because
we'’'ve built telescopes -- we take huge pieces of heavy glass.
We said uh-huh, when we built a space -- telescope we’ll do
the same thing. And then on the ground, because of gravity,
we need an ultra-stiff structure. I mean, short of --. So
we made this thing so darned stiff that you don’t have to

worry about any problem.
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So then what we do is, we take the same technology
and we try to put it on a launch vehicle. And so we get a $6
Billion, 25,000 pound wonderful Hubbel telescope. What we
need to think about, and will open our mind, is instead of
rigid trusses, get the rigidity --- . Use floppy structures
and go to adaptive structures to correct dynamic problems and
cause these static problems. Control the surface of the
optics so you don’t even have to test it on the ground, and
figure out how you take this -- thin, put it into space,
deploy it, have it -- control. Now, I’'m not talking about
tomorrow, but we’ve got to leave our old ways 1f we ever
expect to get a factor of 20 to 30 reduction in cost --.

Now, I want to tell you, I just read a ski maga-
zine. K-2 Ski’s has the following ski -- which I will buy
next week when I go skiing in California. It has a ski with
a pysio-electric device, so when you go over bumps you build
up a charge on a capacitor which then gets dissipated, the
resistent of the skis don’t vibrate. Now, if K-2 can build a
ski to do that for a few hundred dollars, we ought to be able
to build an optic twice the size of the Hubbel Space Tele-
scope. An adaptive optic. We ought to be able to make that
one-tenth to one-thirtieth the weight, and one-tenth to one-
thirtieth the weight and one-tenth to one-thirtieth the cost,
and all of a sudden we could see anything we want to see.

Maybe I -- . This is important stuff. And then, instead of
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grinding things, we ought to replicate services, and instead
of grinding and polish, we ought to think focus. 1It’'s a
whole new way of thinking, that you can apply this active
control of a large space --. And they’re building systems in
space with zero G precautions.

Now, the first task that I talked about, the lead
center, this NASA module. I told them, shut the hot dog
stands down, and all you’ve got to do is work within this --
academia --. NASA Johnson'’s been worried about operating a
space station and figuring out how people can live and work
in space. Jay Piel, worked with academia and industry,
resolved this problem.

The fourth problem is probably the most difficult,
and not necessarily the least priority. There’s revolution-
ary change in design, simulation, and analytical tools.
We’'re in the dark ages because of tools, and I ask you to
think about this. We have $9 Million in --. If you fail a
composite it doesn’t yield, it explodes. We have complex
environmental inputs, we have stocastic processes and non-
deterministic systems. Now you mix all this stuff together
in a ball and say, where’'s my design crew? It’'s non-exis-
tent.

First of all, if we’'re going to work with compos-
ites in some of these master --, we need a physic’s-based

design crew to start with the individual molecules and the
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forces between them. It builds up -- design -- , and started
--. But this is the type of thing we would hope we have --
this is a perfect job for academia. This is the kind of
thing that needs to be done. We have these designed, but we
designed in black plastic, do you know what I mean here?
Black aluminum, designed in black aluminum, you know, when
you take composites and you do safety factors like you use in
the -- but it’s non-elastic. It’s not isotopic. It doesn’t
make any sense. Beechcraft tried that with that starship,
that’s why it failed. They designed in black aluminum. The
University community needs to work with us to build these
physic’s-based --.

Then when you think about what has to be done when
you get adaptive, intelligent, learning, self-generating,
software to deal with the chaos and the sheer magnitude
involved in --. And then we need computers to go along with
that. And may in the -- of things we went --. Genetic-based
algorithms could provide stable, state change of complex
systems, and we are working on this. The other problem is,
travel is too expensive. People get on planes, still today,
because we don’t have geographically distributed user-friend-
ly tools to allow collaboration. So we need interconductivi-
ty, interoperability, -- with common media and low cost.

We have just changed the mission of NASA Ames. I

called them, stop hugging with the --. Let go. Let’'s take
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the science mission at NASA Ames, and turn it into an insti-
tute and let’s focus NASA Ames,that’s right in the center of
the information capital of the world, into the center of
excellence of information and technology in the world, so we
can develop these tools. And we’re starting with the entire
industry, we intend to have a virtual laboratory for develop-
ing the multimedia tool. Right now the duties --.

So these are the type of things -- now, anyone can
make their own list, but I think these things go to the heart
of the problem, and these issues get back to scientific
fundamentals, started at the beginning with the molecules.

So I'm finally confident that we’ll be able to do all the
things that one can name in one vision.

Let me ask you to think about this. A few decades
from now a young lady, who is the daughter of this Bell
Atlantic technician -- and she’s going to be sitting in her
office and she’ll be looking at a number of images in this
picture-framed video display on the wall. And she’ll be
looking at direct action and analysis of certain planets, and
she will have seen a planet, and if we didn’t have enough
resolution to see ocean, continents and clouds, but because
the planet was spinning we had a few pixels, she was able to
observe some ice caps, she was able to observe some -- varia-
tions and typical galactic characteristics --.

And she also took the data in an office when a




ir

10

11

12

13

14

15

16

17

18

18

20

21

22

23

24

25

38

mission that she helped lead before she got that job, to land
the first U.S. -- , and the first demonstration phase of the
mission. So perhaps, just perhaps, something would happen.
She was waiting, the phone rang, and a NASA administration
called and said, don’'t come to Washington, -- free. They’ve
got to show you something. Perhaps they and the rest of the
world sees something that changes history. Something that
changes what it means to be a human being, and perhaps, just
perhaps, they would see something that suddenly forever
changes. Thank you very much.
* % * %

(Q & A session with audience)

UNIDENTIFIED VOICE: --

MR. GOLDIN: I have not spoken to him.

UNIDENTIFIED VOICE: --

MR. GOLDIN: I understand. I mean, I try and talk to as
many people as I can. I’'ll be happy to talk to him.

UNIDENTIFIED VOICE: - -

MR. GOLDIN: I understand, and, I will do that. I will
take it down, and if you give me a card, I’'ll tell you what
he said.

UNIDENTIFIED VOICE: --

MR. GOLDIN: What’s that?

UNIDENTIFIED VOICE: --

MR. GOLDIN: Oh, Time Magazine -- my eyes are old eyes -
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- it looks like December 4th, ’'95. -- has good eyes.
UNIDENTIFIED VOICE: -- December 4th --
MR. GOLDIN: December 4th, it has -- right. Yes sir?

UNIDENTIFIED VOICE: That’s an inspiring vision you
sketch, but you’re not going to -- a space station in partic-
ular -- could you expand on that for a bit, please?

MR. GOLDIN: Well, I appreciate your comment, and let me
respond to it. The space station is being built to see how
people can live and work safely and efficiently in space.
Now, if you want to test someone at zero gravity, you can try
to do it on the earth and you get 28 seconds -- ballistic --.

If you want to expose someone to years of zero gravity and

get real --, real sophisticated and medical -- , the only way
we know how to do it is to go into an orbit --. And we know
in an orbit we keep -- by going -- orbit around the planet

earth. If we want to go test robots in zero gravity, we
don’t know how to do that and have those robots -- direct --
29 seconds.

There are a whole host of issues. If we want to
really test how to obtain samples and bring them back to
earth -- because if we bring back specimens -- there are a
whole -- microbial -- . You can make long, long lists, so,
sometimes people think about, oh, the justification for the
space station is to do microgravity of myself. The justifi-

cation of the space station is to figure out how people can
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live and work safely and efficiently in space.

That’s something we have to do, and then because we
set up this unique facility -- we have 100 kilowatts of elec-
tricity, we have a pressurized volume equal to the size of
two jumbo jetliners, we have 14 of the most developed coun-
tries of the world participating, we have six researchers on
board, probably one and a half will be tied up with mainte-
nance. We can do stunning science, I want to tell you. Even

in that domain, even thought that isn’t the justification, we

are getting stunning results. Biotech to biomed -- . Test-
ing Nobel prize theories. The theory of space -- . So it is
there.

Now, the point I want to make 1is, the reason the
space station got into trouble in the first place and we kept
debating it, it is no longer a debatable issue. We are going
to build the space station. That's why we spent $10 Million
in 10 years and got nothing, because NASA tried to please the
Congress. A responsible parent sometimes says, "no". We're
saying "no" to redesign, we’'re saying "no" to changes, and
we’'re going to build a space station. We are less than two
years away from launch. Now, we set that schedule in October
'93. And unless there’s some act of God we can’t control,
we're -- .

We have a reserve -- and the other thing we did

that’s unique is to set aside $2.6 Billion reserve for sci-
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ence. Engineers cannot touch one nickel of that science. The
problem we had is we had a solution seeking a problem. We
now have a problem seeking a solution.

And the other thing I want to tell you -- and this
gets back to a point that was made with Gene Scheumacher in a
press conference -- someone said, Gene has an idea that --
ask -- approval. I got a little cute and said "no". What I
really wanted to say was, we have these thresholds to go
through, and if Gene can make it through the process, and it
will be a peer review process -- it will be a national peer
review -- if he makes it through, and this is the priority in
-- mind. ©Now, his argument is, it’s less expensive to go to
an asteroid then it is to go to the moon because there’s
almost no gravity on the asteroid and you don’t need delta V
going down and going up. And he says the scientific riches
on the asteroid has great possibilities.

Now, one of the things I didn’t talk about was, we
would like to have some demonstration missions and just
causing -- Phase I and Phase II. 1It’s a real quick -- force
mission to prove out the technology and savings. And one of
the things I did was, I challenged the folks down at NASA
Houston. I said, it cost $11 Billion on a current basis and
$94,000 -- on Apollo. I give you the following -- exper-
iment. Go to the moon -- you’re getting no money to do this

stuff -- figure out how to go to the moon, land two people on
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the moon, keep them there for three days, bring them there
and back safely, no other requirements. And then I said,
figure out how to do something similar for an asteroid but,
number one, something in the range -- fact -- Apollo - -
basis.

They weren’t afraid. And right now, we’ll see how
they go. I wouldn’'t want to -- I don’t want to usurp what
they’re going to say a year from now. And I said, no outside
contractors, you can’'t have thousands of people. I want you
to sit in a room, I want NASA to start getting technical
instead of being contract managers. And then we’ll ask

contractors to do this later. But I want to re-establish and

try -- next -- NASA. They told me that we could go -- and T
had fun doing this also -- Apollo was 136 tons in their
calculations -- . Very different.

But you know what they said? The thing that’s
killing --. And that’'s why when Gene -- someone said, well,
will his asteroid mission go, the sooner we get margin of
control I feel will get -- asteroid. He may -- that may be
the very first mission we’re going to perform, and that’s
administrative -- technicians, I tried to.

Thank you very much.

(Lecture concluded.)
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Exploration of the Universe and the Search
for the Origin of Life

Three fundamental questions help drive
our science program at NASA:

1) Where did galaxies, stars, and
planetary bodies come from and how did and
will they evolve?

2) Are there other places that had an
environment, have an environment, or might

have an environment which is hospitable to
life?

3) Is life unique to the earth?
Over the next several years, we will:

e Survey space to search for earliest
forms of galaxies,

» Search for stars and planetary systems
in process of forming,

e Search for extrasolar planetary
systems,



« Search for Earth-like planetary bodies
that were, are, or could be habitable, and/or
for resources of economic interest,

e Search for resources and signs of life
(including alternatives forms of life) in our
own solar system and bodies which we have
yet to go to or observe,

e Determine the factors controlling origin
and fate of the wuniverse and our solar
system.

Ground truth for this quest 1is the
exploration of our solar system. We want to
learn how it formed and evolved and whether
life ever evolved anywhere beside the Earth
-- both within this solar system and in other
solar systems, and are there any resources
anywhere of economic interest.

In our search for extrasolar planets, we
are today like Lowell was in the early 1900s
in his observations of Mars. Staring out of
his telescope on Mars Hill in Flagstaff, he
studied Mars. He saw color changes over the
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seasons and other features. He interpreted
these as canals filled with water and
vegetation and concluded that there was life
on Mars.

Lowell’s problem was that his ground
truth was too narrow. He only knew about the
Earth. He couldn’t conceive of how different
Mars might be.

We must not make the same mistake. We
must ensure that our ground truth 1s as
broad and inclusive as we can make it. We’re
not there yet. We look out at other star
systems and see things, but we don’t yet
know how to interpret what we see.

We have to shed our preconceptions. We
have to be open-minded. What we find may
not be what we're looking for.

Part of the problem is resolution. Part of
the problem is learning more about our solar
system and how solar systems form and
evolve. With time, our resolution will
increase. And we will be better able to
understand what we see.



Ground-based observations are part of
the robotic phase of extrasolar planet
detection. The Hubble Space Telescope
represents the next step 1n that robotic
phase. It will be a long time before we enter
the realm of human exploration of other star
systems.

We are redefining the idea of planetary
exploration. We are broadening and
diversifying the definition --

Planetary exploration will no longer just
mean bodies orbiting our sun. It will reach
as far from the Earth as we can see. It will
include remote sensing observation and
sending probes to investigate the phenomena
we observe from Earth. Ultimately, we'll
bring back samples and send humans out to
touch those bodies directly.

In the near term, our exploration will be
with robotic missions within our own solar
system; outside the solar system we will
observe using remote sensing techniques.



There are four phases of planetary
exploration:

1) Robotic Precursors,

2) Initial Exploration by Humans,
3) Robust Exploration by Humans,
4) and Sustained Human Presence.

There's a hierarchy here based on
resolution. We'll reach out from the Earth
and move outward with every increasing
resolution. Each step in this progression
allows us greater resolution.

In the robotic phase, we make the first
reconnaissance observations -- flybys of a
planet or the first telescopic observations of
extra solar planets. Our ability to see finer
and finer detail and make more sophisticated
analyses will increase.

Our exploration of this solar system
illustrates the hierarchical structure.



We began with telescopic observations of
the planets. This took place over centuries.

Next, we achieved spaceflight. Over the
last three decades, we sent spacecraft to fly
by the planets (e.g., Mariner II to Venus).
We progressed and put spacecraft into orbit
(e.g., Lunar Orbiter and the Mariner and
Viking Orbiters) and landed them on the
surface of other planets (e.g., Surveyor,
Viking Lander) and now we will begin
traversing planetary surfaces with
intelligent robots (e.g., Pathfinder).

Now, in the coming decade, we're moving
to more sophisticated vehicles to bring back
samples from bodies in the solar system.
Each advance in capability will increase our
“resolution” (spatial, spectral, temporal,
analytic).

A key element of planetary exploration
is the wuse of humans 1in space. The
participation of humans in the Apollo
program (made possible by the
corresponding great leap in technology of the
Saturn program) let us pursue more complex
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questions of lunar science. Robotic
spacecraft alone couldn't have done the
careful collection of a variety of lunar
samples and complex experiments.

Humans provide a cognitive ability and
versatility that robots will never have.

Example -- sent geologist Jack Schmidt
on Apollo 17 to the Moon. His discovery that
explosive volcanism occurred on the Moon
(by finding orange glass) 1illustrates the
serendipitous nature of science. You can't
program every option into a computer.

But humans must only be used when
there 1s a clear benefit. Is there the potential
for high enough benefit to sustain the
exploration of space by humans? The
benefits can be scientific and economic.

For example, scientific benefits would
include finding present or past forms of life,
unraveling the climatic history of Mars
which in turn could help us Dbetter
understand the climate history of Earth.



Another example 1s to wunderstand how
planets are structured and how they evolved,
and what that implies for the future
evolution of the Earth.

The economic benefits might include
finding resources to allow humans to live off
the land (e.g., food, fuel, materials for
habitats). We might find natural resources
which are of commercial value (e.g., valuable
metals or rare earths from an asteroid). We
might find environmental conditions very
different from Earth that will allow
manufacture or production of high-value
products.

And then maybe, just maybe, there are
the recreational possibilities (e.g., the
Hadley Rille Hilton).

As you can see, there are many issues.
One of them, the search for life, 1s one of the
more exciting and of interest to many of you
here, who are life scientists, and to most
Americans. It's intellectually and
emotionally stimulating. So as a vehicle for



communication, let me just stick with this
one subject.

We shouldn't get too enthusiastic. We
may be alone.

On Earth we use humans for geologic
field work because of their unique abilities
in the field. If you’re interested in a geologic
problem in Australia -- like looking for
evidence of ancient biogenic processes -- you
don't use a Landsat picture. You go into the
field.

There is a tangible payoff. The
justification is clear -- the search can only
be conducted on the ground with a trained
scientist. If the problem could be done
remotely, a human wouldn't have to go.

Defining the Life Zone

An important part of our quest 18 to
define the life zone. By life zone, I don't just
mean the range of distances from the Sun
where we would typically think of liquid
water as stable. I mean a broader more
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encompassing definition -- the range or
multidimensional space of temperature,
pressure, composition and time in which
conditions necessary for life could exist.

This covers regions where life does exist
(i.e., the Earth), where it might have once
existed, and where it could develop in the
future.

With the robotic exploration of our solar
system, we are beginning to define the Ilimits
of the life zone. Earth is clearly within the
zone. Mars may be -- we are actively
pursuing that question.

Venus may have been within the zone
billions of years ago. Perhaps the interior of
Europa is within that zone now. Maybe the
surface of Titan or certain asteroids are.

Possibilities in Searching for FEvidence of
Life

Mars -- we believe that water flowed
across the surface (evidence of the channels
and canyons.) We think there are places
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where standing bodies of water occurred,
perhaps large lakes or even oceans.

We have observed large volcanoes on the
surface of Mars. And there were probably
hot springs and hydrothermal features. We
believe organics may have been deposited on
the surface by comets and asteroids, so the
basic elements of Ilife probably occurred at
some time on Mars.

But did life evolve, and is it there now?

The next level of our search is to find
those special niches and explore them. The
general locations can probably be scouted
out through robotic spacecraft.

But ultimately, the detailed sampling of
layers of a sedimentary sequence, or picking
apart a hydrothermal deposit will require
the intellect, adaptability and manual
dexterity of a human.

The search for extinct or extant
extraterrestrial life leads us to investigate
complex environments where the interplay of
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geological, chemical, physical, and, perhaps,
biological processes produce conditions that
we can‘t predict. Some we can't even imagine.

Europa, one of Jupiter’s satellites, may
have a liquid water ocean up to 100 km deep
beneath an ice crust about 10 km thick.

Europa is pulled and tugged by Jupiter
and the other satellites. That causes its
interior to heat up and may keep the water in
a liquid state.

Its density suggests a composition
similar to certain chondritic meteorites,
which contain biologically important
organics and all 1mportant biogenic
elements.

The  heating could lead to ocean-floor
environments on Europa like those at Earth’s
oceanic hydrothermal vents, which support
thriving biological communities and may
have been the site of life’s origin on the
Earth.

Getting Ground Truth
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Well, so what? What does investigating
the life zone of this solar system do for us in
our search for other solar systems?

It's our ground truth. We'll apply what
we learn about the life zone in our solar
system to our studies of worlds around other
stars.

We've already found a number of Jupiter-
sized bodies orbiting distant stars. We will
certainly detect more and smaller bodies
that could include moons of those Jupiter-
size planets, maybe even moons like Europa
and Titan.

Only through understanding the
conditions under which Ilife can or did
develop here, can we guess whether these new
bodies are hospitable to life forms that we
observed in our own solar system. We have
no references for life forms we have
observed, so we'll have to really be open and
scientifically imaginative.

-14-



One question 1s not whether there are
planets around other stars, but whether
there are Earth-like planets (little blue /
green balls) orbiting other stars or other
planets, different from Earth, capable of
supporting life as we know it.

Perhaps we'll find a blue/purple Earth-
sized planet. Maybe instead of chlorophyll,
we'll find rhodopsin 1in the photosynthetic
reaction, but life could still be the same.

The Four Phases of Exploration Have
Thresholds

The four phases of exploration 1

mentioned  previously have distinct
thresholds.

Crossing from one phase to the next
requires significant scientific,
technological, and/or economic potential.
There must be the promise of tangible
returns. Why spend the money to take the

next step if there is no benefit?
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It’s up to the research and commercial
communities to define the levels of these
thresholds. We must explore where the cost /
benefit ratio passes the threshold for going
on to the next phase.

In our quest, we need to gain additional
information from remote sensing observation,
exploration of the surface with rovers or
balloons, and sample returns.

Then, when we have done our homework
with robotic missions, we will consider the
next step in our investigation. That will be
the decision to send humans to wherever we
think the most promising conditions exist to
conduct detailed field work, sampling and
experiments.

As we expand our human scientific
investigations, we must learn how to "live off
the land."

We may be able to use local resources
even in the earliest human missions. We
might not rely completely on those resources
at first, but we could use them.
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For example, water on Mars could be used
for something as simple as replacing losses
in an environmental system. It could be used
for something as dramatic as making fuel for
local flights across the surface or the return
trip home.

There might be what seem to be
diversions - like a series of missions to the
Moon to demonstrate the viability of low-cost
technologies. We must reduce exploration
costs. Several years ago, the SEI activity
estimated that it would cost $500 billion to
send humans to Mars. At that price, it’s just
not viable.

In order to cross the threshold into
sustained human presence, we must be able
to use the indigenous resources found in
space and on the surfaces of planets. We
must have economical means of
transportation and communication. To cross
this last threshold, we must be able to break
the tether to the Earth. How much we achieve
of this vision is dependent upon your future
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contributions as scientists, educators and
supporters of economic development.

How Can We Tell If There's Life on a Planet?

When looking out at other star systems,
how could we tell if life exists? What are the
potential atmospheric signatures for life?

For the last 2 billion years, Earth’s
atmosphere has had a distinctive ozone

signature -- a sure indicator of oxygenic
photosynthesis. Chemical disequilibria 1is
maintained by biology. For example,

methane or nitrous oxide in the presence of
oxygen were seen by as signs of life on the
Earth as the Galileo spacecraft flew by.

Organic sulfur rich compounds could be
indicative of life in a reducing atmosphere,
like our Earth during its first 1.5 billion
years. Certain complex chemicals that are
by-products or waste products of life or a
predominance of an optically active pigment,
like chlorophyl or rhodopsin, could be
indicators.
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The Technological Challenges

There are many elements to expanding
human presence into space. In each area,
we'll need one to two orders of magnitude
improvement on performance and reliability
from our previous efforts, not small steps of
10 or 20 percent, which has trapped us on
this planet for the last 20 years. We must
achieve revolution, not small, incremental
change.

Some important areas include:

e Launch and cruise. This includes
reaching Earth orbit, the transfer orbit to
Mars or the Moon or wherever, and landing on
the surface. Many of these elements must be
reusable; all of them must be low cost. We
can not throw away vehicles at each stage,
after only one use.

Part of our activity will be outside the
vehicles on the surfaces of other planets.
This calls for unconventional space suits and
personal spacecraft.
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We will need advanced materials for the
airframe and engines. Materials for the
airframe will need high specific strength and
stiffness. They must be resistant to thermal
shock and have high reusability in a hostile
environment.

The engines must be able to function up
to a temperature of 3000°F. They don't
necessarily have to be elastic. @ They must
have high stiffness and strength-to-weight
ratio.

Advanced structural concepts will be
needed. For example, future systems will
have 1integrated design of the tanks,
aeroshell, and other elements to meet
complex loading and environmental
conditions. The elements must be reusable.
Internal power systems will require
advanced designs to make them robust,
reusable, have high operating temperatures
and able to function in the air. Non-chemical
power systems will be needed to generate the
required power beyond Earth orbit.
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Vehicle health must be monitored and the
uncertainties removed. We must quantify the
risks and develop inflight options. There
must be reliable, safe options for abort
situations. And the all of the elements must
be reusable and operable for a low cost.
Turn-around time must be quick.

We need new concepts for surface power
systems --

 On-orbit, light-weight solar
concentrators for thermal-electric
and photo voltaic systems,

 Dual-use electric propulsion
systems able to power spaceraft and
beam power to planetary surfaces,

e In situ mining for power production
and storage will be required to
support future exploration.
Geothermal power, particularly hot
dry rock techniques, could also be a
source for surface power.
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* We must understand how human can
live, adapt and work efficiently and
effectively in space.

Radiation 1s a key concern. We must
learn about its effects, how to predict its
occurrence (e.g., solar flares) and how to
protect the crew.

Advanced life-support systems for
vehicles and EVA suits will be needed. Will
they be partially closed loop or
regenerative?

We'll also need advanced integrated
spacecraft immune from cosmic rays and
radiation. This shielding may utilize new
carbonaceous and hydrogenated organics.

New medical techniques will be required
to select and protect against cosmic radiation
damage.

Microgravity and its influences on

humans physiology must be considered. Long
exposure to microgravity influences the
heart, muscles, bones and 1mmune and
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nervous systems. We'll need counter
measures. This also would enhance medical
research on the FEarth.

Totally new concepts for medical care
must be developed for long space flights:
nano-technology, chemical surgery, methods
for selecting and inducing resistance to
illness. Medical care will need to be
supported by telemedical services that
provide enhancement of diagnostic
capabilities which update the crew on
medical advances that have occurred since
their departure.

We must learn to integrate robots and
humans. Robots will be the human surrogate
and assistant. They will see, hear, touch,
smell, speak, think, Iearn and perform
controlled mechanical operations.

Robots could be built to service the
planetary vehicles in Earth orbit. They'd be
propelled by electric propulsion and remain
on orbit to service the vehicle or scientific
instrument.
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Telepresence and virtual reality will
play a role in planetary exploration. Data
can be returned to the Earth, and scientists
will be able to investigate a site for great
lengths of time in a virtual environment.

e We must develop tools that produce
higher resolution (spatial, spectral,
temporal) data while cutting development
and life-cycle costs.

We'll need adaptive structures, surfaces,
and electronics for the instrumentation of
the future. Laser beams might replace rigid
structures in interferometers. Floppy
designs can be developed for zero g.

e A revolutionary change in design and
analytic tools and simulation tools will be
required for conceptual designs of space
systems and scientific analysis.

We'll be using nonlinear, non-
deterministic, and non-isotropic metals. We
will have complex environmental 1nputs,
stochastic processes and nondeterministic
systems. We'll need to approach the problem
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of design from the molecular level up, using
physics-based design tools.

We must develop adaptive, learning,
intelligent and self-generating software to
deal with the chaos of the space environment.
Adaptive systems must move from linear,
deterministic engineering tools to expert
systems, to 1deas based on genetic
principles.

Genetic algorithms will provide stable
state changes 1n complex systems. Those
processes and algorithms must be adapted
into new tool sets.

We'll be operating in a geographically
distributed work environment. There must be
interconnectivity for interoperability with
high bandwidth communications and a
common multimedia tool.

We must reduce the complex information
sets to understandable, narrow-band width
displays. We will be totally immersed in
interactive multi-sensory environments.
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These new tools will provide products
easily understandable by all. They will cut
the cycle time. They'll cut development,
manufacturing, testing and operations costs.
And they will enable new technologies and
systems.

New verification and validation concepts
for these non-deterministic approaches will
be needed.

Hardware must be developed for ground-
based and space-based activities to support
these design, operational and analytic tools.
Where will the hardware and software
boundary occur. Firmware? Dry or wet

computers? Computers being microbiology
based?

e Our understanding of the ethics of in
situ space exploration must grow. How will
we live and work on a planetary body and yet
not contaminate it?

e Developing on-site infrastructure will
be important. We must develop the
capabilities necessary to live and work 1in
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space and on the surfaces of other bodies. To
achieve this we must learn more about
ourselves as humans. That process will of
itself lead to benefits to our culture and the
manner in which we conceive ourselves.

NASA has a vision for a sustained human
presence in the solar system.

e Twenty-five years from now, we want to
have completed the robotic survey of the
solar system. Our goal is to have identified
planetary bodies that offer promise for the
advancement of scientific understanding,
commercial opportunities (e.g., Helium-3 or
metal mining of asteroids) and recreational
opportunities (e.g., the Hadley Rille Hilton
or solar wind surfing on the Sea of
Tranquillity).

e« We want to have completed early low-
cost rapid precursor demonstration missions
for proof of concepts. These may be tested on
the Moon or another body. We must
demonstrate the safety, effectiveness and
economic implementation of sustaining
human presence in space and we want to have
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begun the Initial Exploration with Humans
and Robust Exploration with Humans.

« We want to have a data base on key
bodies in our solar system to help design
extrasolar exploration. We hopefully will
have mapped stars, directly detected planets
in the life zone, allowing for alternate life
forms. We also will have analyzed those
planets, and have obtained high resolution
images of those planets which will allow us
to answer fundamental questions of the
origin of the universe.

Exploration of space will help define not
only the conditions of life in the solar
system and what happened. It will help us
better understand the Earth and how it
evolved.

Why does Venus -- with about the same
mass and size as the Earth-- have a hot,
crushing atmosphere? Why does Mars, which
seems to have once been warmer and wetter,
now exist as a cold desert? What is it that is
so special about the Earth that life has
survived for almost 4 billion years?
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Our endeavor will be international. We
won't be working alone.

There are challenges to all of this. We
must be on the cutting edge with envelope
expansion of technology capabilities, new
systems, and scientific endeavors.

We must learn to wuse virtual and
collaborative approaches for design,
development, test, manufacturing, operations
and scientific exploration. We  must
incorporate a new infrastructure into all
homes with connections to computer
networks.

We must rely on institutions of higher
learning to establish a connectivity with us
and lead the way to make this vision happen.

A key element of NASA’s science
program is working with other scientists in
other disciplines.

Our aim as explorers and innovators
should be to do science, to pursue

29-



fundamental questions wusing all of the
resources possible.

For understanding origins, this will
involve ground- and space-based approaches.
It will 1nvolve space scientists, physicists
and biologists. And it will be the combined
project of many agencies and many countries.

For example, high-energy physicists are
using high-powered tools on Earth to learn
about the nature of stars and the origin of
the wuniverse.

At the south pole, scientists from many
universities, funded by the NSF, are placing
long strings of photomultipliers at a depth of
2 km to detect neutrinos passing through the
earth from supernovae, quasars, pulsars, and
many other sources in the cosmos.

At the National Superconducting
Cyclotron at Michigan State University,
physicists from all over the world are using
the ion accelerator to look at how elements
are formed 1in stars and to study the
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reactions that occurred in the early stages of
the universe.

These are essential contributions that
NASA can build on by using the unique
capability of space to push toward higher
resolution, in situ measurements, and to
observe wavelengths impossible to access
below the atmosphere.

NASA contributes to humankind's
understanding of fundamental questions by
stretching the boundaries of what humans
can do on Earth.

Ending:

Decades from now, who knows what an
unsuspecting Bell Atlantic employee may see
if she knocks on a NASA Administrator's
door.

Perhaps they'll sit in front of a screen
and watch a picture slowly come into focus of
a blue planet with clouds. Or see the first
human emerge from a spacecraft on Mars and
set a firm boot down in the red dust.
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Perhaps they, and the rest of the world,
will see something that changes history,
changes what it means to be human. Perhaps
they'll see something that suddenly, and
forever, changes everything.
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